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2. Wykaz skrétow

AUC - pole powierzchni pod krzywg ROC (area under ROC curve)
APC - gen gruczolakowatej polipowatosci okrgznicy (Adenomatous Polyposis Coli gene)
BMI - wskaznik masy ciata (body mass index)

CA 19-9 - antygen weglowodanowy 19-9 (carbohydrate antigen 19-9)
CA72-4 - antygen weglowodanowy 72-4 (carbohydrate antigen 72-4)
cDNA - komplementarny DNA (complementary DNA)

CEA - antygen karcynoembrionalny (carcinoembryonal antigen)

CMIA - metoda immunochemiczna z uzyciem mikroczgsteczek i znacznika

chemiluminescencyjnego (Chemiluminescent Microparticle Immunoassay)

CRP - biatko C-reaktywne (C-reactive protein)

ELISA - metoda immunoenzymatyczna (enzyme-linked immunosorbent assay)

EUS - ultrasonografia endoskopowa (encodscopic ultrasound)

FAP - rodzinna polipowato$¢ gruczolakowata jelita grubego (familial adenomatous
polyposis)

G - stopien ztosliwosci histologicznej nowotworu (grade)

GERD - choroba refluksowa przetyku (gastroesophageal reflux disease)

HER?2 - ludzki naskorkowy czynnik wzrostu (human epidermal growth factor receptor 2)

HDGC - zespot dziedzicznego rozlanego raka zotadka (hereditary diffuse gastric cancer)
IL-8 - interleukina 8 (interleukin 8)

LPS - endotoksyna bakterii Gram-ujemnych (lipopolysaccharides)

MALT - tkanka limfoidalna zwigzana z btong §luzowa (mucosa-associated lymphoid tissue)
mRNA - informacyjny kwas rybonukleinowy (messenger ribonucleic acid)

NAF - czynnik aktywujacy neutrofile (neutrophil activating factor)

ROC - krzywa charakterystyki zaleznos$ci odbiorca-nadawca (receiver-operating

characteristics)
TAG-72 - glikoproteina towarzyszaca nowotworom 72 (tumor-associated glycoprotein 72)
TNM - klasyfikacja stopnia zaawansowania nowotworu (tumor-lymph nodes-metastases)

WHO - Swiatowa Organizacja Zdrowia (World Health Organization)



3. Wstep
3.1. Chemokiny

Chemokiny to niewielkie biatka o masie czasteczkowej 8-14kDa, regulujace
migracj¢ komorek uktadu odpornosciowego w procesach fizjologicznych i zapalnych
[Zlotnik 2011]. Sa produkowane przez leukocyty, komoérki endotelium, fibroblasty oraz
monocyty [Verbeke 2012, Lee 2014]. Biatka te mozna podzieli¢ wedtug dwoch klasyfikacji.
Pierwsza dzieli wyzej wymienione biatka na 4 klasy: CC, XC, CXC oraz CX3, gdzie C
reprezentuje pozycje gtdownej cysteiny, a X reprezentuje aminokwas. Druga klasyfikacja
dzieli chemokiny ze wzgl¢du na posiadang funkcje tj. zapalng, homeostatyczng lub biatka
pelnigce obie te funkcje [Lee 2014]. Chemokiny zapalne powoduja chemotaksje¢ neutrofili,
limfocytow B oraz T do miejsca procesu zapalnego, a takze rekrutacje niedojrzatych
komorek dendrytycznych do miejsca odpowiedzi immunologicznej. Chemokiny
homeostatyczne kontrolujg migracje limfocytow i komorek dendrytycznych w weztach
chtonnych [Balkwill 2012]. Wykazano, ze chemokiny oddziatujg poprzez przezbtonowe
receptory sprzezone z biatkiem G. Zindentyfikowano okoto 20 receptorow chemokin
[Ransohoff 2009, Shrivastava 2014].

3.2. Biologiczne funkcje chemokin - fizjologiczne oraz patologiczne

Chemokiny biorg udziat zaré6wno w procesach fizjologicznych, jak i patologicznych.
Wplywaja na aktywacje oraz przemieszczanie komorek uktadu odpornosciowego.
Chemokiny dzieli si¢ na konstytutywne oraz indukowalne. Do chemokin konstytutywnych
naleza chemokiny homeostatyczne, ktore reguluja przemieszczanie si¢ komodrek uktadu
immunologicznego [Griffith 2014]. Wykazano, ze chemokiny homeostatyczne biorg udziat
W organogenezie, a takze promuja angiogenezg oraz proliferacje komorek [Zlotnik 2011].
Do chemokin indukowalnych nalezg chemokiny zapalne, ktore s wydzielane w miejscach
stanu zapalnego [Griffith 2014]. Powoduja one chemotaksje neutrofili, limfocytéw B oraz T
do miejsca procesu zapalnego, rekrutujg rowniez niedojrzate komoérki dendrytyczne do
miejsca odpowiedzi immunologicznej. Chemokiny homeostatyczne kontrolujag migracje
limfocytow i komorek dendrytycznych w weztach chtonnych [Balkwill 2012].

Chemokiny biorg udzial rowniez w patogenezie wielu procesow patologicznych, m.
in. chorobach autoimmunologicznych, zapalnych, a takze nowotworowych. CXCLS,
CXCL5 oraz CXCL1, CCL2, CCL3, CCL5 stymulujg proces wioknienia, proliferacji
osteoblastow oraz rdéznicowania osteoklastow w reumatoidalnym zapaleniu stawow
[Homey 2008]. Wykazano, ze chemokiny uczestnicza w réznych procesach zapalnych

obejmujgcych miedzy innymi choroby kiebuszkow i $rodmigzszu nerek [Segerer 2004].



Liczba komorek z dodatnig ekspresja CCL2 i receptora CCR2 byla podwyzszona u
pacjentow, ktorzy nastgpnie rozwingli schytkowa niewydolno$¢ nerek w pordéwnaniu z
pacjentami, u ktorych nie wystapita schytkowa niewydolno$¢ nerek [Yoshimoto 2004].
Biatka te biorg rowniez udzial w chorobach osrodkowego uktadu nerwowego. Wykazano
nadekspresj¢ receptorow chemokin CCR2, CCR3, CCRS u chorych na stwardnienie rozsiane
[McManus 1998, Simpson 2000]. Chemokiny oraz ich receptory odgrywaja tez wazna rolg
w patogenezie wielu nowotworow, m.in. raka przetyku, raka jelita grubego, raka jajnika,
raka piersi [Luker 2005]. Ponadto wysoka ekspresj¢ CXCL8 wykazano w komorkach raka
jelita grubego, ktora korelowata z bardziej zaawansowanym stadium guza, obecnoscia

przerzutow odleglych oraz szybsza progresjg nowotworu [Rubie 2007].

3.3. Receptory chemokinowe

Receptory chemokinowe powoduja okreslong odpowiedz komérkowa po zwigzaniu
si¢ z chemoking. Nazwa receptora sktada si¢ z fragmentu méwigcego o nazwie grupy — CC,
CXC, CX3C, nastgpnie wystepuje litera R od stowa receptor oraz numer zgodny z
kolejno$cig jego odkrycia. Receptory chemokin sg sprz¢zone z biatkiem G oraz naleza do
receptorow klasy A podobnych do rodopsyny. Sa zbudowane z siedmiohelikalnej
przezbtonowej struktury zwigzanej z biatkiem G. Po zwigzaniu odpowiedniej chemokiny
aktywowane jest biatko G, nastepnie fosfolipaza, co powoduje rozpad fosfatydyloinozytolu
na trojfosforan inozytolu i diacyloglicerol. Jeden receptor moze wigzaé si¢ z kilkoma
chemokinami, jednak sg one zawsze z tej samej grupy. Natomiast jedna chemokina moze
wigzac si¢ z kilkoma receptorami, CO ma znaczenie w badaniach 1 prébach terapeutycznych
[Henc 2013].
3.4. Chemokina CXCLS8 oraz jej receptory

Chemokina CXCL8 nazywana jest rowniez interleuking 8 (IL-8, interleukin 8) lub
czynnikiem aktywujacym neutrofile (NAF, neutrophil activating factor). Wykazano, ze
CXCLS8 jest produkowana przez monocyty, pobudzane przez endotoksyny bakterii Gram-
ujemnych (LPS, lipopolysaccharides), co stymuluje egzocytoze neutrofili [Moore 2019].
CXCLS8 to 72-aminokwasowy peptyd, ktory moze by¢ wydzielany migedzy innymi przez
monocyty, makrofagi, fibroblasty, komorki endotelium i komorki epitelium. CXCLS8
wystepuje w dwoch formach — jako monomer oraz jako dimer. Monomery tacza si¢ jedynie
z receptorem CXCR1, za$ dimery z receptorem CXCR1 oraz CXCR2. CXCR2 ma podobna
budowe¢ do CXCRI1, poniewaz 76% sekwencji jest homologiczna, stad tez powinowactwo
ww. receptorow do CXCL8 jest podobne. Ponadto CXCR2 oddzialuje z innymi



chemokinami CXCL1-3 oraz CXCL5-7, podczas gdy CXCL1 stabo si¢ z nimi taczy [Ha
2017].

Chemokina CXCL8 oraz jej specyficzne receptory CXCR1 i CXCR2 tworza o$
CXCL8-CXCR1/CXCR2, ktora ma wazne znaczenie w procesach zapalnych. CXCL8
pobudza naptyw neutrofili, ktére biorg udzial w procesie fagocytozy. Neutrofile poprzez
fagocytoz¢ umozliwiajag wyeliminowanie patogenu oraz zahamowanie ostrego procesu

zapalnego, zapobiega to rozwojowi przewlektego procesu zapalnego [Ha 2017].

3.5. Znaczenie CXCLS oraz jej receptoréow w chorobach nowotworowych

Sugeruje si¢ rolg CXCL8 i jej specyficznego receptora CXCR2 w patogenezie wielu
nowotworow takich jak rak ptuca, rak jelita grubego, rak prostaty, rak trzustki, rak piersi,
rak jajnika, a takze rak zotgdka [Liu 2016, Ha 2017].

Wykazano wzmozona ekspresje CXCL8 w tkankach chorych na raka jelita grubego
w poréwnaniu do pacjentow ze stanem zapalnym lub tagodnymi nowotworami, ktora
korelowala z bardziej zaawansowanym stadium raka, obecno$cig przerzutow odlegtych, a
takze szybsza progresja nowotworu [Rubie 2007]. Stwierdzono, ze stezenie CXCL8 w
surowicy pacjentow z rakiem jelita grubego byto wyzsze w porownaniu do 0sob zdrowych
z grupy kontrolnej [Paczek 2020].

Stezenia CXCLS8 oraz CXCR2 byly wyzsze u chorych na raka trzustki niz u osob
zdrowych. Wykazano znamienng statystycznie roéznice pomiedzy stezeniem CXCL8 u
pacjentéw z przerzutami do we¢ztow chtonnych a chorymi w stadium NO raka trzustki.

Badania sugeruja rolg CXCL8 w patogenezie ww. nowotworow oraz wskazuja na
potencjalne znaczenie tych biatek jako kandydatow na markery nowotworowe
[Litman-Zawadzka 2018, Paczek 2020].



4. Rak zoladka
4.1. Epidemiologia raka zoladka

Rak zoladka wedhug najnowszych danych Swiatowej Organizacji Zdrowia (WHO,
World Health Organization) z roku 2020 znajduje si¢ na piatej pozycji co do czestosci
wystepowania Oraz Stanowi trzecig co do czestoSci przyczyn¢ zgondow z powodu
nowotwordw ztosliwych na swiecie [International Agency for Research on Cancer 2021].

Wedtug rozktadu czgstosci zachorowalnosci na nowotwory ztosliwe w Polsce w roku
2017, rak zotadka byt na siddmym miejscu co do czgstosci u mezczyzn i poza pierwsza
dziesiatka u kobiet wéréd wszystkich zdiagnozowanych nowotworéw ztosliwych. Pod
wzglgdem umieralnosci byt na czwartym miejscu u mezczyzn oraz na siocdmym u kobiet. Na
$wiecie i w Polsce obserwowana jest zmniejszajaca si¢ zachorowalnos$¢ i umieralnos¢ na
nowotwory zotadka, jednak nadal wspotczynniki te w Polsce naleza do najwyzszych w
Europie, a rak zotadka wciaz jest jednym z najczeSciej wystepujacych nowotworow
ztosliwych [Cichon 2022].

4.2. Czynniki ryzyka raka zoladka

Znanych jest wiele czynnikéw ryzyka rozwoju raka zotgdka. Wedtug International
Agency for Research on Cancer infekcja Helicobacter pylori (H. pylori) zaliczana jest do
pierwszej grupy karcynogendéw i czesto wykrywana u pacjentdow z chorobg wrzodowsa
zotadka i dwunastnicy, dysplazja i hiperplazja zotadka [Morgan 2013].

Czgstos¢ wystepowania raka zotadka zwigksza si¢ wraz z wiekiem pacjenta.
Wykazano, ze mezczyzni maja pigciokrotnie wigksze ryzyko wystapienia raka okolicy
wpustu oraz dwukrotnie wyzsze ryzyko rozwoju raka pozostatych okolic anatomicznych
zotadka niz kobiety, cO sugeruje ochronng role estrogendow oraz szkodliwg role lekow
antyestrogenowych takich jak Tamoxyfen. Narazenie na promieniowanie jonizujace u 0sob,
ktore przetrwaty bombardowanie na Hiroszime oraz Nagasaki, a takze osob z chtoniakiem
Hodkina, ktorych jama brzuszna byta napromieniowana duza dawka, sa rowniez czynnikami
ryzyka wystapienia raka zotadka [Karimi 2014].

Innymi czynnikami powigzanymi z podwyzszonym ryzykiem raka zotadka jest
zwigkszone spozycie soli. Zaobserwowano znaczny wzrost zachorowania na Ww. nowotwor
u 0séb spozywajgcych wigcej niz 10 g soli dziennie, a takze naduzywajacych alkoholu.
Palenie papieroséw oraz stosowanie wyrobow tytoniowych rowniez zwigkszaja ryzyko
wystapienia tego nowotworu [Morgan 2013].

Praca zawodowa w przemysle gumowym, gornictwie i przemysle metalowym,

koksowniczym, przetworstwie drewna, przy narazeniu na ciggly kontakt ze zwigzkami
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chemicznymi réwniez zwigksza ryzyko raka zotadka. Otyto$¢ oraz nadwaga ze wskaznikiem
masy ciata (BMI, body mass index) wickszym niz 25 kg/m?, a takze dieta uboga w owoce,
warzywa i witaming C to kolejne czynniki zwigckszajace prawdopodobienstwa rozwoju tego
nowotworu [Rawla 2019].

Do pozostatych czynnikow ryzyka nalezy: posiadanie grupy krwi A, przynalezno$é
etniczna do grup takich jak Japonczycy, Chinczycy, Koreanczycy, mieszkancy Europy
Potudniowej i Wschodniej oraz Ameryki Srodkowej, a takze choroba Addisona-Biermera,
w ktorej dochodzi do zaniku btony S$luzowej zotadka oraz choroba Ménétriera,
charakteryzujaca si¢ przerostem btony $luzowej zotadka. Czynnikiem ryzyka zachorowania
na raka zotadka jest takze wystapienie tego nowotworu u czltonkow rodziny
[Krajowy Rejestr Nowotworow 2021].

4.2.1. Podzial czynnikow ryzyka w zaleznosci od lokalizacji guza

Istnieje podziat czynnikow ryzyka raka zotadka ze wzgledu na lokalizacje
anatomiczng guza. Z lokalizacjg raka zotadka we wpuscie przy bliskim sasiedztwie
anatomicznym przetyku wigza si¢ takie czynniki ryzyka jak wiek, pte¢ meska, dodatni
wywiad rodzinny raka zoladka, palenie tytoniu, mata aktywno$¢ fizyczna, narazenie na
promieniowanie jonizujace, otylos¢ oraz choroba refluksowa przetyku (GERD,
gastroesophageal reflux disease). Natomiast wiek, pte¢ meska, dodatni wywiad rodzinny
raka Zoladka, palenie tytoniu, mala aktywno$¢ fizyczna, narazenie na promieniowanie
jonizujgce sg czynnikami wystgpienia raka zotadka zlokalizowanego poza wpustem, w

pozostatych lokalizacjach anatomicznych [Karimi 2014].

4.2.2. Czynniki genetyczne

Istniejg rowniez genetyczne czynniki doprowadzajace do zwigkszonego ryzyka
wystgpienia raka zotgdka. Jest to miedzy innymi zespot dziedzicznego rozlanego raka
zotadka (HDGC, hereditary diffuse gastric cancer), spowodowany mutacja genu
supresorowego E-kadheryny, w ktorym ryzyko raka Zotadka okre$lane jest na wigcej niz
80% [Martel 2013].

Kolejny zespot powigzany z rozwojem raka zotadka to zespot Lyncha (dziedziczny
rak jelita grubego niezwiazany z polipowatoscia). W typie I tego zespotu wystepuje rak jelita
grubego, w typie II wystepuja rowniez takie nowotwory jak rak zotadka, jajnika, trzonu
macicy, nerek, a takze drog zotciowych, skory czy osrodkowego uktadu nerwowego. Jest to
zespot, w ktorym wystepuje mutacja genow odpowiedzialnych za naprawe uszkodzonego
DNA.
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Zespot rodzinnej polipowatos$ci gruczolakowatej jelita grubego (FAP, familial
adenomatous polyposis) z mutacjg genu supresorowego gruczolakowatej polipowatosci
okreznicy (APC, Adenomatous Polyposis Coli gene) zwigksza ryzyko wystapienia polipow
w zotadku, ktore w ostatecznosci mogg prowadzi¢ do raka zotgdka. Zespot Li-Fraumeni z
mutacja genu TP53, a takze zespot Peutza-Jaghersa z mutacjg genu supresorowego LKB1
zwigksza ryzyko wystepowania wielu nowotworéw, w tym raka zotadka. Polipowato$¢
mtodziencza dziedziczona autosomalnie dominujagca moze doprowadza¢ do polipow w

przewodzie pokarmowym, a takze raka zotgdka [Martel 2013, Morgan 2013].

Tabela 1. Stopnie zaawansowania klinicznego raka zotadka [Bosman 2010]

Stopien zaawansowania | Cecha T Cecha N Cecha M
klinicznego nowotworu
0 Tis NO MO
IA T1 NO MO
IB T2 NO MO
T1 N1 MO
A T3 NO MO
T2 N1 MO
T1 N2 MO
1B T4a NO MO
T3 N1 MO
T2 N2 MO
Tl N3 MO
A T4a N1 MO
T3 N2 MO
T2 N3 MO
B T4b NO, N1 MO
T4a N2 MO
T3 N3 MO
"nc T4a N2 MO
T4b N2, N3 MO
1\ dowolne T dowolne N M1

4.3. Klasyfikacje raka zoladka

Do precyzyjnego okreslenia stopnia zaawansowania nowotworu ztosliwego shuzy
jednolity system oceny zaawansowania choroby, na ktory sktada si¢ klasyfikacja stopnia
zaawansowania nowotworu (TNM, tumor — nodes — metastases) oraz kliniczna ocena
stopnia zaawansowania nowotworu. W klasyfikacji TNM sa oceniane cechy takie jak
wielko$¢ guza pierwotnego (T, tumor), przerzuty w weztach chtonnych (N, lymph nodes)

oraz przerzuty w narzadach odlegtych (M, metastases). Stopien zaawansowania klinicznego
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raka zotadka jest okreslany na podstawie poszczegolnych stadiow klasyfikacji TNM. Skale
te maja wptyw na okreslenie rokowania pacjenta i wybdr odpowiedniego leczenia pacjenta.
Klasyfikacje TNM publikowana jest przez American Joint Committee on Cancer (AJCC)
oraz Union for International Cancer Control (UICC) zostaty przedstawione w tabeli 1 i 2
[Bosman 2010, Hu 2012].

Tabela 2. Klasyfikacja TNM raka zoladka [Bosman 2010, Cichon 2022, Potemski 2015]

Guz pierwotny - cecha T

Tx Nie mozna oceni¢ guza pierwotnego.
TO Nie stwierdza si¢ guza pierwotnego.
Tis Rak przedinwazyjny (carcinoma in situ): nowotwor srodnabtonkowy

nienaciekajacy blaszki wiasciwej btony §luzowe;.

T1 Guz nacieka blaszke wtasciwa, blaszke migsniowa blony sluzowej lub

warstwe¢ podsluzowa.

Tla Guz nacieka blaszke wtasciwa lub blaszke migsniowa btony Sluzowe;.
Tib Guz nacieka warstwe pod§luzowa.

T2 Guz nacieka warstw¢ mig§niowg wlasciwa.

T3 Guz nacieka tkanke taczng znajdujaca si¢ pod warstwag surowicza, ale nie

nacieka otrzewnej trzewnej ani otaczajgcych struktur.

T4 Guz nacieka otrzewng trzewng lub sasiadujace struktury.
T4a Guz nacieka otrzewng trzewna.
T4b Guz nacieka sgsiadujace struktury tkankowe.

Regionalne wezly chlonne - cecha N

NX Nie mozna oceni¢ regionalnych weztéw chtonnych.

NO Nie stwierdza si¢ przerzutow w regionalnych weztach chtonnych.
N1 Obecne sg przerzuty w 1-2 regionalnych weztach chtonnych.

N2 Obecne sg przerzuty w 3-6 regionalnych weztach chtonnych.

N3 Obecne sg przerzuty w >=7 regionalnych weztach chtonnych.
N3a Obecne sg przerzuty w 7-15 regionalnych wezlach chtonnych.
N3b Obecne sg przerzuty w >=16 regionalnych weztach chtonnych.
Przerzuty odlegle - cecha M

MO Nie stwierdza si¢ przerzutéw odlegtych.

M1 Obecne sg przerzuty odlegte.
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4.3. Diagnostyka obrazowa raka zoladka

Podstawowa metodg stosowang w diagnostyce chorych na raka zotadka jest
gastroskopia, ktéra umozliwia oceng¢ przetyku, wpustu oraz pozostatych odcinkéw zotadka,
a takze poziomej cze$ci dwunastnicy. Podczas jej wykonywania mozliwe jest pobranie
wycinkow do badania histopatologicznego — minimum 6 wycinkéw, w tym przynajmnie;j
jeden z dna owrzodzenia, a takze diagnostyka w kierunku infekcji H. pylori. W Polsce nie
prowadzi si¢ badan przesiewowych w kierunku raka zotadka, a sg one prowadzone w krajach
0 wysokim ryzyku zachorowania np. w Japonii [Cichon 2022].

Ultrasonografia jest metodag pomocnicza, ktéra umozliwia uwidocznienie
powickszonych wezlow chlonnych, przerzutow odleglych, a takze poszerzenia
zewnatrzwatrobowych drog zotciowych przez ucisk guza na glowe trzustki lub wezty
chtonne [Cichon 2022].

Ultrasonografia endoskopowa (EUS, endoscopic ultrasound) umozliwia oceng
grubosci nacieku oraz weztow chtonnych w okolicy guza. Posiada poréwnywalng
skuteczno$¢ do innych metod, z przewaga w diagnostyce wczesnych postaci nowotworu
[Cichon 2022].

Tomografia komputerowa i rezonans magnetyczny sa stosowane w ocenie obecnosci
przerzutdw nowotworowych, naciekania naczyn krwiono$nych przez komorki
nowotworowe, a takze miejscowego zaawansowania guza [Cichon 2022].

4.4. Markery nowotworowe raka zoladka
CEA

Antygen karcynoembrionalny (CEA, carcinoembryonal antigen) to biatko bton
komoérkowych, ktore jest wydzielane w okresie ptodowym przez przewdd pokarmowy oraz
trzustke, a po urodzeniu w niewielkim stopniu przez komorki watroby, trzustki oraz jelit.
Prawidtowe stezenia u 0sob zdrowych wynosi do 5 ng/ml. Zwigkszone stezenia tego markera
wystepuja u pacjentéw z rakiem jelita grubego, odbytu, trzustki, zotadka, piersi, ptuca, szyjki
macicy, pecherza moczowego, a takze z neuroblastomg, migsakami czy chtoniakami. Inne
choroby z podwyzszonym stezeniem CEA to wrzodziejace zapalenie jelita grubego,
zapalenie i marskos$ci watroby, czy przewlekte zapalenie trzustki. Wykazano, ze znacznie
podwyzszone stezenie tego biatka moze §wiadczy¢ o wznowie choroby nowotworowej lub
przerzutach odlegtych. U chorych na raka zotadka przydatnos$¢ diagnostyczna oznaczen

stezen CEA jest ograniczona ze wzgledu na brak 100% czutosci i swoistosci diagnostycznej,
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poniewaz jego prawidlowe stezenie nie wyklucza istnienia nowotworu [Nocun 2011,
Soborczyk 2007].
CAT2-4

Antygen weglowodanowy 72-4 (CA 72-4, carbohydrate antigen 72-4) znany rowniez
jako glikoproteina towarzyszaca nowotworom 72 (TAG-72, tumor-associated glycoprotein
72). Podwyzszone st¢zenie tego markera wystepuje U chorych na raka jajnika, jelita grubego,
zotadka, a takze pacjentow z zapaleniem zotadka i chorobg wrzodowa zotadka. CA 72-4 jest
podstawowym markerem stosowanym w diagnostyce chorych na raka zotadka [Hu 2019].
CA 19-9

W warunkach fizjologicznych antygen weglowodanowy CA 19-9 (CA 19-9) jest
syntetyzowany w niewielkich ilo$ciach przez trzustke, zotadek, drogi zétciowe, czy gruczoty
slinowe. Wykazano zwigkszong syntez¢ tego biatka rowniez w procesach patologicznych,
m.in. ostrym i przewlektym zapaleniu trzustki, marskosci watroby, zapaleniu pecherzyka
z6kciowego czy niewydolnos$ci serca. Antygen ten jest najbardziej uzytecznym markerem
stosowanym w diagnostyce i monitorowaniu leczenia chorych na raka trzustki
[Jo 2013, Manoj 2021, Scara 2015].
HER2

Ludzki naskorkowy czynnik wzrostu (HER2, human epidermal growth factor
receptor 2) to protoonkogen, ktory jest receptorem przezblonowym o aktywnosci kinazy
tyrozynowej. Jest on zaangazowany w przekazywanie sygnatow indukujacych wzrost i
réznicowanie komorek. Ekspresja tego czynnika wystepuje od 10 do 30% pacjentéw z
gruczolakorakiem zotadka. Pacjenci z zaawansowanym rakiem zotgdka oraz nadekspresja

HER2 moga otrzymac leczenie Transtuzumabem, ktory hamuje rozwdj tego nowotworu
[Gharib 2021].
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5. Cel pracy

Chemokiny to substancje biatkowe, ktore wptywajg na migracj¢ leukocytow poprzez
receptory zwigzane z bialkami G. Cytokiny te sg zaangazowane zarOwno w procesy
fizjologiczne, jak 1 patologiczne. Sugeruje si¢ role ww. bialek w patogenezie wielu
nowotworow, w tym raka zotadka.

Rak zotagdka jest pigtym co do czestosci wystepowania nowotworem ztosliwym oraz
trzecig co do czgstosci przyczyng zgonoéw z powodu nowotworoéw ztosliwych na §wiecie. W
Polsce nie stosuje si¢ badan przesiewowych w celu wykrycia raka zotadka, stad tez choroba
ta zazwyczaj jest wykrywana w stadium objawowym, przy uzyciu badan endoskopowych.
Dodatkowo w diagnostyce chorych na raka zotadka wykorzystuje si¢ oznaczenia st¢zen
klasycznych markerow nowotworowych, tj. CEA i CA 19-9. P6zna diagnostyka chorych na
raka zotadka oraz krotki czas przezycia pacjentdOw jest przyczyng poszukiwania nowych
biomarkeréw, ktére umozliwilyby wczesniejsze wykrycie oraz wiaczenie odpowiedniego
leczenia.

Sugeruje si¢ znaczenie chemokiny CXCLS8 i jej specyficznego receptora CXCR2 w
rozwoju raka zotadka. Wykazano wzmozong ekspresje CXCR2 w tkankach
zaawansowanego raka zotadka, ktora korelowata z obecno$cig przerzutow odleglych.
Natomiast dotychczas nie poréwnano znaczenia CXCL8 1 jej receptora CXCR2 w
diagnostyce chorych na raka zotadka ze stezeniami klasycznych markeréw nowotworowych,
tj. CEA i CA 19-9, a takze markerem stanu zapalnego — CRP. W zwigzku z tym celem tej
pracy byto:

1. Oznaczenie stezen chemokiny CXCLS i jej receptora CXCR2 w surowicy chorych
na raka zotadka oraz osob zdrowych z grupy kontrolnej, a nastepnie porownanie stgzen Ww.
biatek pomigdzy tymi grupami.

2. Okreslenie zaleznosci stezen CXCL8 1 jej receptora CXCR2 od stadium
zaawansowania nowotworu oraz cech kliniczno-patologicznych raka zotadka.

3. Poréwnanie stezen CXCL8 i CXCR2 ze stezeniami klasycznych markerow
nowotworowych raka zotadka — CA 19-9 i CEA, a takze ste¢zeniami markera stanu zapalnego
— CRP.

4. Przeprowadzenie analizy regresji logistycznej w celu ustalenia zalezno$ci migdzy
stezeniami markeréw CXCL8, CXCR2, CA 19-9, CEA, CRP a prawdopodobienstwem
wystapienia raka zotadka.
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5. Okreslenie wskaznikéw diagnostycznych CXCL8 i CXCR2, tj. czutosci i swoistoscCi
diagnostycznej, wartosci predykcyjnej wyniku dodatniego i wyniku ujemnego, mocy

diagnostycznej w oparciu o pole powierzchni pod krzywa ROC.
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Szczegolowe informacje dotyczgce celu pracy, materialdw i metod, wynikow oraz
wnioskow zostaly zaprezentowane w pracy oryginalnej wchodzacej w sklad rozprawy
doktorskiej:

Pawluczuk E, Lukaszewicz-Zajac M, Gryko M, Kulczynska-Przybik A, Mroczko B:
Serum CXCLS8 and its specific receptor (CXCR?2) in gastric cancer. Cancers. 2021.
Punktacja IF: 6,575; MNiSW: 140
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6. Materialy i metody
6.1. Metody oznaczania

Stezenia CXCL8 i CXCR2 oznaczono metoda immunoenzymatyczna (ELISA,
enzyme-linked immunosorbent assay). Stezenie CXCL8 zmierzono przy pomocy zestawu
Quantikine ELISA Human CXCLS8/IL8 Immunoassay, a CXCR2 przy uzyciu zestawu
ElAab, Wuhan z Chin. Stezenia klasycznych markeréw nowotworowych, tj. CEA i CA 19-
9 zostaly oznaczone metoda immunochemiczng z uzyciem mikroczasteczek 1 znacznika
chemiluminescencyjnego (CMIA, Chemiluminescent Microparticle Immunoassay), za$
metoda turbidymetryczna zostata wykorzystana do oznaczenia stezen CRP na analizatorze
Architect 8200 ci firmy Abbott.

6.2. Material do badan

Material do badan stanowita krew zylna pobrana na czczo od pacjentow z rakiem
zotadka przed rozpoczegciem leczenia oraz osob zdrowych z grupy kontrolnej. Nastgpnie
krew odwirowano celem uzyskania surowicy, ktora przechowywano w temperaturze -80 °C.
6.3. Grupy badana i kontrolna

W badaniu wzigto udziat 98 pacjentow, tj. 64 chorych na raka zotadka operowanych
w II Klinice Chirurgii Ogoélnej 1 Gastroenterologicznej Uniwersyteckiego Szpitala
Klinicznego w Biatymstoku oraz 34 zdrowych ochotnikow bez aktywnego stanu zapalnego
oraz nowotworu w wywiadzie. Badania uzyskaty zgode Komisji Bioetycznej Uniwersytetu
Medycznego w Biatymstoku (R-1-002/65/2017). Charakterystyka pacjentow zostata
przedstawiona w tabeli 3.
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Tabela 3. Charakterystyka pacjentow z badania

Pacjenci z rakiem zoladka 64
, Kobiety 23
Ple¢ Mgzczyzni 41
< 65 lat 34
. > 65 lat 29
Wiek Mediana 64
Przedziat 28-82
I 8
Stopien zaawansowania nowotworu, 1 10
wg klasyfikacji TNM Il 28
\Y/ 16
Cecha T T1+T2 10
(wielko$¢ guza) T3 19
T4 35
NO 16
Cecha N H?Z J
(obecnos¢ przerzutow w weztach chtonnych) 38
niezdefiniowane 1
MO 46
Cecha M M1 16
(obecnos¢ przerzutow odlegtych)
niezdefiniowane 2
1 34
Typ klasyfikacji Laurena 2 24
niezdefiniowany 6
C . G1+2 13
Stoplen Zroznicowania G3+4 39
Grupa kontrolna 34
. Kobiety 10
Plec Mezczyzni 24
< 65 lat 31
. > 65 lat 3
Wiek Mediana 51,5
Przedziat 27-76

20



7. Wyniki
7.1. Stezenia markerow

Stezenie CXCL8 oraz CXCR2 bylo znamiennie wyzsze u pacjentow z rakiem
zotadka w porownaniu do grupy kontrolnej osob zdrowych. Stwierdzono, ze stgzenia
klasycznych markeré6w nowotworowych, tj. CA 19-9, CEA oraz markera stanu zapalnego —
CRP byly wyzsze w grupie pacjentéw z rakiem zotadka niz w grupie kontrolnej, przy czym
roznice istotng statystycznie wykazano dla stezen CA 19-9 i CRP.

Stezenia CXCL8, CXCR2 oraz klasycznych markerow nowotworowych CEA i
CA 19-9 oraz CRP byty wyzsze w stadium T4 niz T3 oraz T1+T2, przy czym znamienno$¢
statystyczng stwierdzono dla stezenn CRP i CA 19-9. Ponadto stezenia CXCL8, CRP, CEA i
CA 19-9 byly wyzsze u chorych z przerzutami do we¢ztow chtonnych w stadium N3 w
poréwnaniu do pacjentow w stadium NO i N1+2, za$ jedynie stezenia CA 19-9 wykazywaty
znamienno$¢ statystyczng. Analizujac zaleznos$¢ st¢zen badanych biatek stwierdzono, ze
jedynie stezenia CRP byly znaczaco wyzsze u pacjentow z przerzutami odlegtymi (stadium
M1) niz u chorych w stadium MO.

7.2. Korelacje miedzy stezeniem CXCLS8 i CXCR?2 a stezeniami klasycznych markerow
nowotworowych, tj. CEA i CA 19-9 oraz markerem stanu zapalnego — CRP
Korelacja rang Spearman’a zostala wykorzystana do przeprowadzenia analizy
zalezno$ci miedzy stezeniami badanych biatek, tj. CXCL8 i CXCR2 oraz CRP, CA 19-9 i
CEA a stopniem zaawansowania guza i cechami Kkliniczno-patologicznymi raka zotadka.
Istotne statystycznie dodatnie korelacje wykazano migdzy stezeniem CXCLS8 a st¢zeniami
CXCR2, CA 19-9i CRP, a takze pomiedzy stezeniem CXCR2 i CRP.

7.3. Ocena przydatnosci diagnostycznej CXCL8 i CXCR2 jako markeréw raka
zoladka

Przydatno$¢ diagnostyczna oznaczenia stezen CXCL8 oraz CXCR2 jako markerow
nowotworowych oceniono dzigki kryteriom diagnostycznym: czutos$ci diagnostycznej,
swoistosci diagnostycznej, wartosci predykcyjnej wyniku dodatniego i ujemnego oraz mocy
diagnostycznej, oszacowanej za pomoca wielkosci pola powierzchni pod krzywa ROC.
Czulo$¢ diagnostyczna oznaczania stezenia CXCL8 (67%) byta wieksza niz CXCR2 (63%)
i CEA (20%) oraz poréwnywalna do stezen CRP (67%) i CA 19-9 (70%). Najwyzsza
warto$¢ tego parametru wykazano dla laczonego oznaczania stgzen CXCL8 i CA 19-9
(89%). Swoistos¢ diagnostyczna CXCL8 (94%) byta wyzsza niz CXCR2 (85%) i CA 19-9
(59%), zas nizsza w porownaniu do CRP i CEA (100%). Wykazano, ze wartos¢ predykcyjna
wyniku dodatniego dla oznaczenia st¢zenia CXCL8 oraz CXCR?2 byta wyzsza niz CA 19-9,
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a nizsza W porownaniu do CEA i CRP. Warto$¢ predykcyjna wyniku ujemnego oraz
doktadnos¢ diagnostyczna oznaczen stgzen CXCLS8 byta wyzsza niz CXCR2, CA 19-9 i
CEA i wzrastala przy tacznej analizie z CA 19-9 i CRP.

Na podstawie pola powierzchni pod krzywg ROC stwierdzono, ze CXCLS
charakteryzowato si¢ najwigksza mocg diagnostyczng wsérdd wszystkich analizowanych
biatek.

7.4. Analiza regresji logistycznej

Analiza regresji logistycznej zostala wykorzystana do oceny korelacji mi¢dzy
stezeniami CXCL8, CXCR2, CA 19-9, CEA, CRP a prawdopodobienstwem wystgpienia
raka zotadka. W pierwszym etapie zastosowano analiz¢ jednoczynnikowa do identyfikacji,
ktore biatko kwalifikuje si¢ do modelu wieloczynnikowego. Stwierdzono, ze st¢zenia
CXCLS8, CXCR2 i CRP korelowatly ze zwigkszonym ryzykiem wystapienia raka zotadka i
te zmienne wiaczono do analizy wieloczynnikowej. Wykazano, ze stezenia CXCL8 i CRP

sg istotnymi czynnikami wystapienia raka zotadka.
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8.

Podsumowanie wynikow

1.

Stezenia CXCL8 1 CXCR2 byty znamiennie wyzsze u pacjentow z rakiem zotadka
niz w grupie kontrolnej oséb zdrowych, podobnie jak CA 19-9 i CRP.

Stezenia CXCLS8 znamiennie korelowaly ze st¢zeniami receptora CXCR2, CA 19-9
i CRP, zas$ stezenia CXCR2 ze stezeniami CRP.

Czulos¢ diagnostyczna oznaczen stezenh CXCLS8 byta wigksza niz CXCR2 i CEA
oraz porownywalna do CRP i CA 19-9, przy czym taczna analiza CXCL8 i CXCR2
z klasycznym markerem nowotworowym CA 19-9 zwigkszata czulosé
diagnostyczng.

Stgzenia CXCLS8 charakteryzowaly si¢ najwieksza moca diagnostyczng w
rozpoznawaniu raka zotadka oceniong na podstawie pola powierzchni pod krzywa
ROC wsrod wszystkich analizowanych biatek.

Podwyzszone stezenie CXCL8 jest istotnym, niezaleznym czynnikiem ryzyka

wystapienia raka zoladka.
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9.

WhioskKi

1. Znamiennie wyzsze stezenia CXCL8 i CXCR2 w surowicy krwi chorych na raka

zotadka w porownaniu do osdb zdrowych sugeruja udziat chemokiny CXCLS8 i jej
specyficznego receptora w rozwoju Ww. NOWotworu.

Istotna statystycznie korelacja miedzy stezeniami CXCL8, CXCR2 a stg¢zeniami
biatka ostrej fazy — CRP sugeruje udziat procesu zapalnego w patogenezie raka
zoladka.

. Wyzsza moc diagnostyczna oznaczen stezen CXCL8 w porownaniu do klasycznych

markerow nowotworowych wskazuje na znaczenie tej chemokiny jako
potencjalnego kandydata na marker nowotworowy raka zotadka, szczeg6lnie przy

tacznej analizie z CA 19-9.

. Wykazano, ze podwyzszone stezenie CXCLS jest istotnym statystycznie czynnikiem

ryzyka wystepowania raka zotadka, co wskazuje na przydatno$¢ oznaczania stgzen

tej chemokiny w diagnostyce raka zotadka.

24



10. Publikacje stanowigce rozprawe doktorska

Praca przegladowa

Pawluczuk E, Lukaszewicz-Zajac M, Mroczko B: The Role of Chemokines in the
Development of Gastric Cancer-Diagnostic and Therapeutic Implications. International
Journal of Molecular Sciences. 2020.

Punktacja IF: 5,924; MNiSW: 140

Praca oryginalna

Pawluczuk E, Lukaszewicz-Zajac M, Gryko M, Kulczynska-Przybik A, Mroczko B: Serum
CXCL8 and its specific receptor (CXCR?2) in gastric cancer. Cancers. 2021.

Punktacja IF: 6,575; MNiSW: 140

25



International Journal of

#
Molecular Sciences m\D\Py

Review

The Role of Chemokines in the Development of Gastric
Cancer—Diagnostic and Therapeutic Implications

Elzbieta Pawluczuk !, Marta Lukaszewicz-Zajac >(? and Barbara Mroczko 12*

1 Department of Neurodegeneration Diagnostics, Medical University of Bialystok, 15-269 Bialystok, Poland;

elzbieta.pawluczukl16@wp.pl

Department of Biochemical Diagnostics, Medical University of Bialystok, 15-269 Bialystok, Poland;
marta.lukaszewicz-zajac@umb.edu.pl

*  Correspondence: mroczko@umb.edu.pl; Tel.: +48-85-8318785; Fax: +48-85-8318585

check for
Received: 15 October 2020; Accepted: 9 November 2020; Published: 10 November 2020 updates

Abstract: Gastric cancer (GC) is the fifth most common cancer worldwide and the second leading
cause of cancer-related death. GC is usually diagnosed at an advanced stage due to late presentation
of symptoms. Therefore, there is a need for establishing more sensitive and specific markers useful
in early detection of the disease when a cancer is asymptomatic to improve the diagnostic and
clinical decision-making process. Some researchers suggest that chemokines and their specific
receptors play an important role in GC initiation and progression via promotion of angiogenesis,
tumor transformation, invasion, survival and metastasis as well as protection from host response
and inter-cell communication. Chemokines are small proteins produced by various cells such as
endothelial cells, fibroblasts, leukocytes, and epithelial and tumor cells. According to our knowledge,
the significance of chemokines and their specific receptors in diagnosing GC and evaluating its
progression has not been fully elucidated. The present article offers a review of current knowledge on
general characteristics of chemokines, specific receptors and their role in GC pathogenesis as well as
their potential usefulness as novel biomarkers for GC.

Keywords: chemokines; tumor markers; gastric cancer; chemokine receptor

1. Gastric Cancer

According to the World Health Organization (WHO) data published in 2018, gastric cancer (GC)
is the fifth most common cancer worldwide and the second leading cause of death among cancers [1].
The most common type of GC is adenocarcinoma—a malignant epithelial tumor with glandular origin.
Anatomically, it is classified as cardia and non-cardia adenocarcinoma. Gastric cardia adenocarcinoma
shares common characteristics and risk factors with esophageal adenocarcinoma because of the
anatomical proximity to the esophagus, while non-cardia cancers are located distally, and their risk
factors are more typical of GC [2]. The Lauren classification divides gastric adenocarcinoma into two
main histological types: diffuse and intestinal type [3].

Prognosis of GC is poor, as the five year survival rate is lower than 30% [3]. According to a
Japanese analysis, incidence of GC is steadily decreasing, with a decline observed particularly among
young individuals with the non-cardia type of cancer. On the other hand, an American study reports
an increasing incidence of corpus (non-cardia) GC [4]. Numerous risk factors for stomach cancer
have been identified [2], including environmental and genetic causes [4]. The main risk factor is
Helicobacter pylori (H. pylori) infection, which can lead to acute gastritis. H. pylori is thought to be
responsible for 80% of gastric ulcers. Alcohol consumption and smoking also increase stomach
cancer risk. Other factors implicated in GC development are chemical exposure, high temperatures,
or working in wood, metal, and rubber processing plants. Additionally, a diet high in salt can break
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the gastric mucosal barrier and lead to the inflammatory process. Further factors implicated in GC
development are obesity—an analysis revealed an increased risk for individuals with a body mass
index (BMI) higher than 25 kg/m?—and a diet lacking in fruit and vegetables [5]. Gastric surgery is
also a predisposing factor. Additionally, exposure to radiation, particularly in the abdominal area,
can make individuals more susceptible to GC. Some studies suggest that Epstein-Barr virus may play
a role in the development of stomach cancer. Furthermore, individuals with type a blood have a higher
risk of developing GC, while those with type 0 blood have a higher risk of developing gastric ulcers.
GC is more common in males than in females, which may be associated with the protective influence
of hormones such as estrogen or gender differences in dietary habits [2].

Measurement of serum concentrations of biochemical markers such as cancer antigen 72-4
(CA 72-4) and carcinoembryonic antigen (CEA) is a very important diagnostic tool in routine clinical
practice. Cancer antigen 72-4 (CA 72-4) is a first-line classical tumor marker with the highest diagnostic
sensitivity for GC. Its concentration may also be elevated in patients with colon, pancreatic, breast,
or ovarian cancer [6]. A study performed by Joypaul et al. demonstrated that CA 72-4 is a reliable
marker in GC and that serial sampling may help to identify recurrence early [7]. The role of CA 72-4 as
a screening marker in healthy individuals is not clear. A study by Hu et al. evaluating the utility of CA
72-4 as a screening tool for GC in a healthy population showed that the marker may not be effective in
asymptomatic individuals due to low positive predictive values [6]. Another classical tumor marker for
GC is CEA, whose levels may be elevated in diseases such as GC, colorectal cancer, pancreatic cancer,
lung cancer, or as a result of inflammation. Measurement of serum concentrations of carbohydrate
antigen (CA 19-9) is also routinely used in GC diagnosis, although its concentrations may also be
elevated in the blood of patients with pancreatic cancer, cholangiocarcinoma, colon cancer, esophageal
cancer, hepatocarcinoma, as well as pancreatitis, biliary tract diseases, or liver cirrhosis [8]. In addition,
human epidermal growth factor receptor 2 (HER2) is used to classify patients with advanced GC for
treatment with trastuzumab. The markers, which are presented above, lack sufficient specificity and
are not useful as screening tools aimed at detecting GC at an early stage. Measurement of the levels
of these proteins can be used to monitor tumor progression as well as assist in selecting the most
appropriate treatment method [9]. Therefore, there is a need for more specific markers in GC diagnosis.
Some authors indicate that chemokines may be a group of such biochemical markers, and therefore
more intensive research on these molecules is required [8].

1.1. Chemokines

Chemokines are proteins secreted in pathological circumstances by various cells such as endothelial
cells, fibroblasts, epithelial cells, leukocytes, and tumor cells [10]. They are grouped according to
two classifications. In the first classification, there are four classes of chemokines: CC (C-C motif
chemokines), XC (X-C motif chemokines), CXC (C-X-C motif chemokines), and CX3C (C-X3-C motif
chemokines), where C reflects the position of key cysteine and X represents any amino acid. The most
important factor in the second classification is function of the chemokine— inflammatory, homeostatic,
or dual-function chemokines are distinguished [11,12].

Chemokines act via their specific receptors. There are over twenty chemokine receptors which
are seven-transmembrane, G protein-coupled receptors [13]. One chemokine can be related to many
receptors, whereas a specific receptor may be activated by several ligands [14]. Chemokine receptors
participate both in physiological processes and in cancers, cardiovascular diseases, or infections [13].

Chemokines are primarily involved in inflammation. Controlled inflammation is an important
and beneficial process since it can, for example, promote wound healing or defend the body against
pathogens. Moreover, chemokines are also crucial to processes such as atherosclerosis, autoimmune
diseases, or HIV infection [14]. They play an important role in autoimmune diseases such as
rheumatoid arthritis. These proteins participate in cell recruitment, for example, recruitment of Th1
lymphocytes (T helper cells 1) to the synovium. Blocking receptors involved in this process reduces
inflammation. Chemokines secreted in patients with rheumatoid arthritis differ between phases of
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arthritis. CCL4 (CC chemokine ligand 4), CXCL4 (CXC chemokine ligand 4), CXCL7 (CXC chemokine
ligand 7), and CXCL13 (CXC chemokine ligand 13) are expressed in the early stage, while CCL3
(CC chemokine ligand 3) and CCL9 (CC chemokine ligand 9) are expressed in more advanced stages of
the disease [15]. On the other hand, uncontrolled inflammation leads to pathological processes and may
promote tumor development. Chemokines are associated with cell migration during inflammation
and if this process is prolonged, it may lead to carcinogenesis [11].

1.2. Chemokines in Cancer

GC is a solid tumor which consists of stromal cells, e.g., endothelial cells or fibroblasts, and is
infiltrated by lymphocytes, neutrophils, and macrophages. All of these cells participate in chemokine
production [16]. Recent studies have demonstrated that chemokines and their receptors may be
involved in tumor initiation and progression. Chemokines coordinate multiple intercellular processes
and play a role in tumor progression [14].

Chemokines act indirectly by participating in angiogenesis or directly by affecting tumor
transformation, growth, invasion, survival, and metastasis [11]. They are involved in migration,
intercellular communication, proliferation, protection from the host response, angiogenesis,
and extravasation [13]. Chemokines originate from the tumor microenvironment (TME). Tumor growth
is not an independent factor, and this theory has been proposed by a number of researchers [17,18].
Chemokines originating from the TME can facilitate tumor progression or remodeling of TME and
signal transduction [19]. Some studies have demonstrated that tumor cells can produce chemokines or
express their receptors. Identifying chemokines involved in the progression of various cancers may also
be important in future pharmacotherapy of patients. Gao et al. studied CXCL11 expression in colorectal
cancer tissue, and they observed that CXCL11 suppression inhibited invasion and cell migration
in vitro, while in vivo down-regulation of this chemokine reduced cell growth and metastasis [20].
These proteins may play a crucial role in the pathogenesis of many cancers such as melanoma,
breast cancer, ovarian cancer, colorectal cancer, esophageal cancer, as well as gastric cancer [21-23].

2. Chemokines in Gastric Cancer

2.1. CXC Chemokines

Some clinical investigations have indicated that selected chemokines, particularly the CXC family
of chemokines, and their specific receptors play an important role in GC pathogenesis (Figure 1).
Chen et al. assessed the concentrations of CXCL1, CXCL2, CXCL5, CXCL8, CXCL11, and CXCL13 in
tumor drainage blood and peripheral blood from relapse-free GC patients and found that post-treatment
levels were lower in comparison to pre-treatment concentrations [16]. Reduced CXCR1 (CXC chemokine
receptor 1) and CXCR3 (CXC chemokine receptor 3) expression was associated with a smaller tumor
size and lower tumor stage (TNM) stage, while decreased CXCR2 (CXC chemokine receptor 2) and
CXCR4 (CXC chemokine receptor 4) expression correlated with a larger tumor and higher TNM stage.
Patients with recurrent GC had higher concentrations of CXCL1, CXCL2, CXCL4, CXCL5, CXCL7,
CXCLS8, CXCL9, CXCL10, CXCL12, CXCL13, and CXCL14 in tumor drainage blood and peripheral
blood compared to relapse-free patients. The authors suggest that selected CXC chemokines may be
used as markers of GC development and progression [16] (Table 1).
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Figure 1. Correlations between the role of chemokines and features assessed in gastric cancer (GC)
[10,16,19,24—43]. Rectangles represent chemokine ligand (CXCL and CCL) families, chemokine/receptor
pairs, and chemokine receptors (CXCR) families analyzed in the study. Ellipses represent

selected features in gastric cancer correlated with concentration or expression of chemokine

families, chemokine/receptor pairs, and chemokine receptors. T-stage—depth of tumor invasion.

N-stage—presence of lymph node metastasis.

Table 1. The role of CXCL (CXC chemokine ligand) in gastric cancer (GC).

Chemokines Source Results References
Conc:..entratlon n tumor Lower concentration after treatment
drainage blood and . .. [16]
. Higher concentration in GC relapse
peripheral blood
CXCL1
Associated with higher T-stage, venous
Expression and lymphatic invasion, age, and [26]
metastasis of lymph nodes
C(;r;;(ierr:;raetlslr:) (1)rC11 t;il;or Lower concentration after treatment [16]
CXCL2 28 Higher concentration in GC relapse
peripheral blood
Expression Associated with lower T-stage [26]
Concentration in tumor Lower concentration after treatment
CXCL4 drainage blood and . .. [16]
. Higher concentration in GC relapse
peripheral blood
Concgntratlon n tumor Lower concentration after treatment
drainage blood and . S ) [16]
. Higher concentration in GC relapse
peripheral blood
Elevated in advanced GC, correlated with [24]
CXCL5 presence of distant metastasis and T-stage
S trati
erum concentration Higher in I1IB and IV stages of GC than in [25]
benign conditions -
. Correlated with N-stage, higher in N2
Expression and N3 [25]
Concentration in tumor
drainage blood and Higher concentration in GC relapse [16]
peripheral blood
cxcr7 Associated with older age, presence of
Expression metastasis, and invasion of the lymph [26]

nodes, venous invasion and negative
cytology of peritoneum
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Table 1. Cont.

Chemokines Source Results References

Concentration in tumor .
Lower concentration after treatment

drainage blood and . .. [16]
peripheral blood Higher concentration in GC relapse
Elevated in advanced stage of GC [10]
CXCLS8 Higher in patients with H. pylori and GC [27]
Serum concentration Higher in GC than peptic ulcer disease 28]
and control group
Higher concentration correlated with
o €07 [28,29]
H. pylori infection
Concentration in tumor Lower concentration after treatment
CXCL9 drainage blood and . .. [16]
. Higher concentration in GC relapse
peripheral blood
Concentration in tumor Lower concentration after treatment
CXCL10 drainage blood and . . [16]
. Higher concentration in GC relapse
peripheral blood
Concentration in tumor
CXCL11 drainage blood and Lower concentration after treatment [16]
peripheral blood
Concentration in tumor
drainage blood and Higher concentration in GC relapse [16]
peripheral blood
CXCL12
Elevated in advanced GC, correlated to
Serum concentration presence of distant metastasis and nodal [24]
involvement
Concentration in tumor Lower concentration after treatment
CXCL13 drainage blood and . .. [16]
. Higher concentration in GC relapse
peripheral blood
Concentration in tumor
CXCL14 drainage blood and Higher concentration in GC relapse [16]

peripheral blood

H. pylori—Helicobacter pylori. T-stage—depth of tumor invasion. N-stage—presence of lymph node metastasis.

In a study performed by Lim et al., serum CXCL12 and CXCL5 concentrations in four groups of
patients—normal-risk, high-risk of GC (intestinal metaplasia or adenoma), early GC and advanced
GC—were analyzed. Both CXCL12 and CXCL5 concentrations were elevated in the group with
advanced GC and correlated with the presence of distant metastasis. Serum CXCL12 levels were
associated with nodal involvement while CXCL5 concentrations were associated with depth of tumor
invasion and distant metastasis. Furthermore, the receiver operating characteristic (ROC) curve
showed that serum CXCL5 and CXCL12 levels had higher diagnostic significance in predicting GC
compared to CEA. The researchers suggested that the combined measurement of CXCL5, CXCL12,
and CEA concentrations may be used to predict GC and distant metastasis [24]. Moreover, a study by
Park et al. revealed that enhanced CXCLS5 expression was correlated with nodal involvement (N-stage),
while there was no relationship between CXCL5 immunoreactivity and tumor size or direct extent of
the primary tumor. In addition, serum CXCL5 concentrations were higher in patients with advanced
GC in comparison to those with benign tumors, which may suggest a potential role of CXCL5 in GC
progression [25].

In addition, Yamamoto et al. reported that CXCL1 expression was statistically associated with age,
higher T-stage, venous and lymphatic invasion, and metastasis to the lymph nodes, whereas CXCL2
levels were correlated with lower T-stage and no nodal involvement. Moreover, CXCL3 expression
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was associated with lower infiltration of tumor cells while CXCL7 expression was associated with
a more advanced age, presence of lymph node metastasis, and venous invasion. There were no
statistically significant differences between CXCL5, CXCL6, and CXCLS8 levels and clinicopathological
characteristics of GC [26].

CXCLS, also known as IL-8, is a chemokine which promotes inflammation and stimulates vascular
growth factor expression (VEGF) and cell proliferation. CXCL8 can be produced by macrophages,
monocytes, and endothelial and epithelial cells. In H. pylori infection, CXCLS8 is produced by
gastric epithelial cells. The expression of this chemokine can be measured in gastric antral biopsy
specimens from patients with H. pylori infection or gastritis. CXCLS attracts neutrophils to the site
of inflammation. However, these neutrophils are unable to eliminate H. pylori infection, which leads
to a chronic neutrophil inflammation process and gastritis. H. pylori and chronic inflammation are
factors contributing to GC development [27]. A study by Baj-Krzyworzeka et al. revealed elevated
CXCLS8 concentrations in GC patients. Thus, this chemokine facilitates tumor growth by neutrophil
chemotaxis and promotes formation of metastases via the production of metalloproteases and vascular
endothelial growth factor [10]. Haghazali et al. demonstrated that CXCL8 concentration was higher
in a group of patients with GC in comparison to the control group and individuals with peptic ulcer
disease. Moreover, elevated CXCLS8 concentration correlated with H. pylori infection [28]. Lee et al.
discovered that serum CXCLS concentration was higher in patients with H. pylori infection and GC in
comparison to patients with H. pylori infection but without GC [29].

2.2. CCL Chemokines

It has been indicated that the CCL family of chemokines may play an important role in GC
pathogenesis (Table 2). In a study by Baj-Krzyworzeka et al., plasma concentrations of CCL2, CCL3,
CCL4, CCL5, CXCL8, CXCL9, and CXCL10 in GC were assessed. There were significant differences
between plasma CCL2, CCL4, and CCLS5 levels in GC patients and healthy controls. CCL2 and CCL10
concentrations correlated with clinical stage of the disease and were highest in patients with more
advanced cancer. However, no associations were found between concentrations of these chemokines
and histopathological characteristics of GC [10]. The authors concluded that increased levels of these
chemokines promote migration and invasiveness of GC cells [10].

Table 2. The role of CCL chemokines in gastric cancer (GC)

Chemokines/
Receptors of Source Results References
Chemokines
Expression Elevated in 66% of GC specimen, correlated [33]
CCL2 P with lower overall survival rate
Plasma concentration Correlated with clinical stage of GC [10]
Higher in GC than control group, overall
survival reduced when elevated, elevated
concentration correlated with more [30]

advanced stage of the tumor, higher depth
CCL5 Serum concentration invasion, low histological differentiation
and lymph node involvement

Increased concentration correlated with
higher T-stage, N-stage, peritoneal [31]
metastasis and decreased survival

CCL10 Plasma concentration Correlated with clinical stage of GC [10]

T-stage—depth of tumor invasion. N-stage—presence of lymph node metastasis.
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Some clinical investigations have revealed that patients with GC have a higher serum concentration
of CCL5 in comparison to healthy controls, which has been confirmed by other authors [30-32].
The overall survival rates of GC patients with elevated serum CCL5 levels were reduced in comparison
to subjects with low concentrations of this chemokine. Elevated CCL5 concentrations correlated
with poorer histological differentiation, greater depth of tumor invasion, more frequent lymph node
involvement, and advanced tumor stage [30]. In a study by Wang et al., increased serum concentration
of CCL5 correlated with a higher T- and N- stage, peritoneal metastasis and decreased survival.
The authors concluded that CCL5 may participate in the promotion, invasion, and peritoneal metastasis
of GC and suggested that this chemokine may be a therapeutic target in the future [31]. The findings
were confirmed by Ding et al., who also reported that CCL5 may be a new target in the treatment of
GC patients [32].

In a study by Tao et al., CCL2 expression was elevated in GC specimens. The overall survival
rate of GC patients with elevated CCL2 expression was reduced in comparison to individuals with
lower CCL2 expression. According to the authors of the study, CCL2 may be used as an independent
prognostic marker for GC [33].

2.3. Chemokine/Receptor Axis

An increasing body of evidence suggests that chemokine/specific receptor pathways are involved
in the pathogenesis of many malignancies, including GC (Table 3). There are studies demonstrating
that CCL20 affects the progression of colorectal cancer, liver cancer, pancreatic cancer, breast cancer,
and GC [19,34-36]. CCL20, in contrast to other chemokines, binds only CCR6. Chen et al. reported that
CCR6 expression in cancer is elevated and connected with malignant progression. The upregulation of
CCR6 has been observed in patients with GC in comparison to normal gastric tissue. CCL20 recruits
other cells to the TME, which can make the process of signaling more complicated [19]. Jin et al.
reported that CXCR6 expression was upregulated in GC tumor tissue and was significantly correlated
with lymph node and distant metastases as well as an advanced clinical stage of GC. A larger tumor
enhanced CEA concentration and a higher TNM stage enhanced CXCR6 expression were correlated
with worse overall survival rates. The authors also performed a three year follow-up of patients with
GC which revealed that patients with lower CXCR6 levels had longer overall survival than those with
the elevated level of this cytokine [37].

Table 3. The role of chemokine/receptor axis in gastric cancer (GC).

Chemokines/
Receptors of Source Results References
Chemokines
Elevated in GC and related to malignancy [19]
. Upregulated in GC tumor tissues,
CCL20/CCRe6 Expression correlated with lymph node and distant [37]
metastases, advanced clinical stage of GC,
larger tumor, worse overall survival
Higher in GC tissues [38]
CXCL12/CCR4 Expression Correlated with more advanced tumor
stage, upregulated after [39]

neoadjuvant chemotherapy

Elevated in GC tumor cells, indicates worse
CCL17/CCR4 Expression prognosis, associated with relapse of GC [40]
and decreased overall survival

Growing evidence shows the role of the CXCL12 and the CXCR4 pathways in GC pathogenesis.
Xu et al. revealed that expression of CXCL12 and CXCR4 was significantly different between GC
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tissue and normal gastric tissue. However, no statistically significant differences in CXCL12 and
CXCR4 expression were detected between stages of GC [38]. Rubie et al. demonstrated statistically
significant downregulation of CCL12 and upregulation of CXCR4 mRNA in GC tissue compared
to normal gastric tissue. Furthermore, it was observed that CXCL12 mRNA was related to a more
advanced tumor stage. In patients who received neoadjuvant chemotherapy, CXCR4 expression was
upregulated, while downregulation in CXCL12 expression was observed in subjects with lymph node
and vein involvement [39]. In addition, Lee et al. assessed the role of the CCR4/CCL17 axis in GC
development. The authors used clinical samples of GC and GC standard cell lines and established
that 75% of GC cell lines and 17% of clinical samples expressed CCR4. Patients with CCR4 positive
tumors were found to have a worse prognosis in comparison to those with CCR4 negative tumors.
The authors concluded that the CCR4/CCL17 axis is associated with recurrence of GC and decreased
overall survival of patients with this malignancy [40].

2.4. Chemokine Receptors

It has been proven that chemokine receptors may also play an important role in GC pathogenesis,
and therefore this issue is frequently examined in clinical studies (Table 4). In a study by Chen et al,,
the expression of chemokine receptor 3 (CXCR3) was significantly enhanced in GC tissue in comparison
to paracancerous tissue and was related to higher differentiation and smaller depth of invasion of
GC. The authors suggested that elevated CXCR3 expression could be used as a prognostic marker
for GC [41].

Table 4. The role of chemokine receptors in gastric cancer (GC).

Chemokines/
Receptors of Source Results References
Chemokines

Associated with presence of distant
metastasis, tumor differentiation and [42]

CXCR1 Expression advanced stage of GC

Reduced expression associated with smaller
tumor and lower TNM stage

[16]

Associated with presence of distant
metastasis, tumor differentiation and [42]

CXCR2 Expression advanced stage of GC

Reduced expression correlated with large
tumor and higher TNM stage

[16]

Higher in GC tissue than paracancerous
tissue, related to higher differentiation,
smaller depth invasion, longer overall

CXCR3 Expression survival and lower mortality rate

[41]

Reduced expression associated with smaller

tumor and lower TNM stage (o]

Reduced expression correlated with larger

CXCR4 Expression tumor and higher TNM stage

[16]

Higher in GC, overall survival was lower,
connected with lymph node metastasis,
CXCR?7 Expression venous invasion, advanced TNM stage, [43]
deeper invasion of the tumor and poor
histological differentiation

GC—gastric cancer. TNM—tumor stage (Tumor, Lymph nodes, Metastasis) classification of malignant tumors.
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Li et al. established that overexpression of CXCR1 and CXCR2 was associated with the presence
of distant metastases, tumor differentiation and advanced stage of [42]. These results suggest that
CXCR1 and CXCR2 play a crucial role in GC progression [42]. Moreover, in a study by Yamamoto et al.,
the expression of CXCR2 ligands such as CXCL1, CXCL2, CXCL3, CXCL5, CXCL6, CXCL7 and CXCL8
in GC tissue was determined [26]. CXCL1 expression was correlated with greater depth of invasion,
whereas lymph node metastasis was correlated with increased CXCL1 and CXCL7 expression [26].
Prognosis of CXCL1-positive patients was significantly poorer in comparison to that of CXCL1-negative
patients. The authors concluded thatamong CXCR2 ligands, CXCL7 and CXCL1 may play an important
role in GC progression via CXCR2 signaling [26].

In a study by Nambara et al., expression of CXCR7 in GC was higher than in normal gastric
tissue [43]. The overall survival was decreased in patients with elevated CXCR7 mRNA expression.
Enhanced CXCR? expression was also associated with lymph node metastasis, venous invasion,
advanced TNM stage, deeper tumor invasion, and poor differentiation of GC. There were no statistically
significant differences between CXCR7 expression and patients’ gender, age, and lymphatic invasion.
Moreover, higher CXCR7 expression was correlated with angiogenesis as well as with migration and
proliferation of GC cells [43].

Some clinical investigations have indicated the significance of the aberrant expression of chemokine
receptors in GC, including copy number changes or upregulation of chemokine receptors mRNA.
In recent years, several cancer parameters, such as immune infiltration, somatic copy number alterations
(SCNA), tumor mutation burden (TMB), tumor purity, cytolytic activity (CYT), and drug sensitivity have
been reported to be prognostic factors and potential therapeutic markers for various cancers, including
GC [44,45]. There was a statistically significant correlation between CXCR4 levels and TMB, CYT, tumor
purity, tumor immune infiltration, and drug sensitivity. Moreover, elevated CXCR4 expression can
affect the resistance of cancer cells to drugs [44]. What is more, a possible link between tumor immunity
and aberrant expression of CCR4 in GC cells has been proved [46]. The study of Yang et al. has revealed
that the aberrant expression of CCR4 in GC could contribute to tumor-induced immunosuppression [46].
It has been proved that TNF alpha (tumor necrosis factor alpha) and transcription factor NF-jB are the
key factors that connect inflammation to tumor promotion [46-48]. A significant positive relationship
between expression of CCR4 and TNF alpha in GC tissue has been found. Thus, there is a possibility that
TNF-alpha might upmodulate expression of CCR4 in an NF-jB-dependent manner. Authors conclude
that CCR4 might play a novel function in immunosuppression by regulating secretion of cytokine and
cytotoxicity of immune cells. Moreover, TNF alpha promotes tumor-induced immunosuppression
via induction of aberrant CCR4 expression and may represent a new target for immune treatment of
GC in the future [46]. The study of Cheng et al [49] revealed that CXCL12/CXCR4 induces GC cell
epithelial-mesenchymal transition (EMT), what is associated with activation of MET proto-oncogene
(c-MET). CXCR4 expression is positively correlated with c-MET phosphorylation, and the presence of
both correlates with poor GC prognosis. Authors indicate the importance of CXCR4 and c-MET in
GC metastasis and suggest that targeting specific molecular components of their signaling pathways
will provide new opportunities for GC treatment [49]. The study of Xing et al [50] demonstrated
that CXCL16 mRNA expression was elevated in cancer tissue compared with adjacent mucosa,
whereas CXCR6 was expressed in the opposite manner. In addition, expression of CXCL16 inversely
correlated with tumor stage, the invasion depth of the tumor and lymphatic invasion, what may
suggest that this chemokine and its receptor CXCR6 may play a role in gastric tumorigenesis [50].

2.5. The Importance of Interaction of Chemokines and Their Specific Receptors in GC Progression

Chemokines are able to bind the extracellular domain of chemokine receptors, which consists of
the N-terminus and extracellular loops. During the activation, the intracellular domains dissociate from
G-proteins, composed of three subunits such as «, 3, and y heterotrimers [11]. The result of this process is
the formation of the second messengers inositol triphosphate (IP3) and diacylglycerol (DAG), leading to
the activation of multiple downstream signaling cascades and cytoplasmic calcium mobilization,
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including phosphatidylinositol 3-kinase (PI3K)/Akt, Ras/mitogen-activated protein kinase (MAPK),
and Janus kinase/signal transducer and activator of transcription (JAK/STAT) pathways [11,51,52].
Abnormal activation of PI3K/Akt and Wnt/B-catenin pathways has been found to promote GC
progression and poor prognosis of cancer patients, suggesting their potential therapeutic target
for GC patients [11,53-55]. It has been shown that MAPK pathways alterations may lead to GC,
including H. pylori MAPK-triggering to transform from gastric normal epithelium to GC development.
Moreover, the impact of the MAPKSs in GC progression and metastasogenesis and the involvement of
the dysregulated kinase pathways in GC encourage new studies on therapeutic drugs which might
improve the survival of GC patients [55]. The study of Ji et al. [56] demonstrated an immunoregulatory
role of 3-catenin signaling in GC and suggested the therapeutic potential of CCL28 blockade for the
treatment of GC, because this chemokine was proved to be as a key linker between the oncogenic
[3-catenin signaling and the GC microenvironment.

Based on presented investigations, chemokines and their specific receptors may be used as targets
for biopharmaceuticals and improve treatment process of patients with many diseases, including GC.
The CXCR4/CXCL12 axis was taken into consideration as a potential factor in GC therapy [39]. One of
the chemokine-targeting drugs already used in other diseases is Plerixafor [57]. This substance blocks
CXCR4 from binding to CXCL12. It enables mobilization of hematopoietic stem cells to peripheral blood
and in result can be used for transplantation of hematopoietic stem cells in diseases such as lymphomas
and multiple myeloma. [57]. Moreover, serum levels of chemokines may become predicting factors
for response to treatment or resistance to drugs. The results of Zhai et al. [58] presented that higher
serum level of CXCL8 mediated resistance to platinum-based antineoplastic drugs in GC patients [58].
CXCR2 promotes the process of metastasogenesis and tumor growth, while the two chemokines that
bind to CXCR2 (CXCL1 and CXCLS5) are released by macrophages, and this process is supported by GC
cells. Thus, this receptor can also be a good target in developing new strategies of GC treatment [59].

3. Conclusions

GC is the fifth most common cancer in the world. Therefore, non-invasive methods of diagnosing
GC at an early stage are necessary. Selected chemokines and their specific receptors play a potential
role as future biomarkers which can be used in the process of diagnosing GC and selecting appropriate
treatment for patients. There is a need for more research on a larger cohort of GC patients to determine
which chemokines are the most specific for GC and which of them might be used as potential tumor
biomarkers for GC in the future.
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Simple Summary: Gastric cancer (GC) is a serious medical problem; thus, there is a need for the
improvement of the diagnostic process of GC patients because this malignancy is still detected at
a late stage of the disease. It is suggested that selected chemokines such as CXCL8 and its specific
receptor CXCR2 are involved in cancer progression, including GC. Therefore, we assessed the serum
levels of these proteins in 98 subjects: 64 patients with GC and 34 healthy volunteers. The aim of
our study was to evaluate the usefulness of serum CXCL8 and CXCR?2 concentrations as biomarkers
in the diagnosis and progression of this cancer. Our findings suggest that serum CXCL8 might be
used as a potential biomarker in the diagnosis of GC patients, especially in combined assessments
with classical tumor markers. Our results indicate the role of the CXCL8/CXCR?2 axis as well as the
inflammation in the pathogenesis of this malignancy. Moreover, serum CXCL8 was the significant
predictor of GC risk.

Abstract: Gastric cancer (GC) is the second leading cause of cancer-related deaths worldwide. This
malignancy is usually diagnosed at an advanced stage. Therefore, novel biomarkers useful in the
early detection of GC are sorely needed. Some authors suggest the role of chemokines and their
specific receptors in GC pathogenesis. The aim of the study was to investigate whether serum
CXCLS8 and its receptor (CXCR2) might be considered as potential candidates for biomarkers in
the diagnosis and prognosis of GC. The study included 98 subjects: 64 GC patients and 34 healthy
volunteers. CXCL8 and CXCR2 concentrations were assessed by the enzyme-linked immunosorbent
assay (ELISA) method. Serum CXCL8 and CXCR2 concentrations were significantly higher in GC
patients than in healthy controls, similar to the well-established tumor marker (CA19-9) and marker
of inflammation (CRP). Diagnostic sensitivity of CXCL8 was the highest among all proteins tested
and increased for the combined assessment with CA19-9. The area under the ROC curve for CXCL8
was higher than those for CXCR2 and classical tumor markers. Serum CXCLS8 levels were indicated
as a significant risk factor of GC occurrence. Our findings suggest that serum CXCLS8 is a promising
candidate for a biomarker in GC diagnosis and might be used as a significant predictor of GC risk.

Keywords: chemokines; gastric cancer; receptors for chemokines

1. Introduction

Gastric cancer (GC) is the fifth most commonly diagnosed malignancy worldwide
and the fourth most common cancer among men and the sixth in women, according to
data published by the World Health Organization (WHO) in 2020. Moreover, it is the
third leading cause of cancer-related death [1]. The five-year survival rate for GC patients
is lower than 30% [2]. The early stage of this disease is usually asymptomatic or the
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symptoms are not specific; thus, the diagnostic process is unnecessarily prolonged. When
the stage of the cancer is more advanced, other symptoms may occur such as abdominal
pain, weight loss or hematemesis. Approximately 80% of GC patients are diagnosed in
the advanced stage, when the possibilities of the treatment are limited [3]. The main risk
factors for this malignancy are: Helicobacter pylori (H. pylori) infection, smoking, alcohol
abuse, increased salt intake, obesity, blood group A or GC in family history [4].

Chemokines are small proteins involved in an inflammation process, autoimmune
and cardiovascular diseases as well as malignant diseases [5,6]. These proteins may also
lead to tumorigenesis, metastasis, angiogenesis, proliferation and protection from the host
response [6,7]. Chemokines are grouped into four classes: CC, XC, CXC and CX3C, where
C stands for the key cysteine and X for amino acid [3]. Chemokines, especially the CXC
family and their receptors, have an important role in GC pathogenesis and may be used as
biomarkers of tumor development and progression in the future [8].

CXCLS8 is a chemokine from the CXC group that is also known as interleukin-8 (IL-8).
Cells that produce CXCL8 have origins in epithelial and endothelial tissue. CXCL8 is also
synthesized by monocytes, macrophages and fibroblasts [9,10]. The secretion of this protein
is stimulated by hypoxia, reactive oxygen species (ROS) and interleukins: IL-1, IL-6, IL-22
and chemokine CXCL12 [9]. The presence of H. pylori infection and gastritis may lead
to CXCL8 synthesis by stomach epithelial cells. In patients with chronic gastritis, CXCL8
may also be secreted by neutrophils in the stomach lamina propria [8,9]. CXCLS recruits
neutrophils but these cells cannot eliminate H. pylori infection, causing chronic neutrophil
inflammation and gastritis. Subsequently, chronic inflammation may contribute to the
development of GC. Neutrophils and myeloid-derived suppressor cells (MDSCs) might
be recruited to the tumor, that can promote tumor cell proliferation, vascular endothelial
growth factor (VEGF) expression and neoangiogenesis [10].

It has been proved that CXCLS8 can exist in two forms, as a monomer and as a dimer.
As a monomer, CXCL8 binds only to the chemokine receptor type 1 (CXCR1), while
both monomers and dimers interact with the chemokine receptor type 2 (CXCR2) [9].
Some clinical investigations have proved that CXCR1 and CXCR2 are associated with
a poor GC prognosis [11]. Both receptors have a 76% common sequence and similar
affinity in attaching to CXCLS8 [9]. The difference is that CXCR1 weakly binds to other
chemokines, whereas CXCR?2 interacts with CXCL1, CXCL2, CXCL3, CXCL5, CXCLs,
CXCL7 and CXCL8 [9,12]. CXCR1 and CXCR?2 are seven transmembrane G protein-coupled
receptors [13]. The overexpression of CXCR1 and CXCR2 was associated with an advanced
GC stage and the presence of distant metastasis [14].

The diagnosis of GC is established based on invasive methods. One of them is gas-
troscopy with a biopsy and histopathological examination. Additional methods are com-
puted tomography (CT), magnetic resonance imaging (MRI) and endoscopic ultrasound
scanning (EUS) [15]. Moreover, the measurement of biochemical tumor markers such as
cancer antigen 72-4 (CA72-4), carcinoembryonic antigen (CEA) or carbohydrate antigen
(CA19-9) concentrations are also very important in the diagnosis of patients with this
malignancy; however, these biomarkers cannot be used in the early detection of GC. Thus,
there is a need for novel blood biomarkers to improve the diagnostic process, especially the
early detection of this disease and escalate the treatment chances as well as the number of
cancer survivors [16-18]. Therefore, the aim of the study was to investigate whether serum
levels of CXCLS8 and its specific receptor CXCR2 may be used as potential biochemical
markers for GC. Based on our knowledge, the present study is the first to compare the
significance of these proteins in relation to the well-established tumor markers (CEA and
CA19-9) and the marker of inflammation—C-reactive protein (CRP)— in the diagnosis and
progression of GC. Moreover, the present paper is a continuation of our previous research,
in which we assessed that serum concentrations of selected chemokines and their specific
receptors might be used as potential tumor biomarkers for gastrointestinal malignancies,
including pancreatic, esophageal and colorectal cancer [19-25].
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2. Materials and Methods

The study group consisted of 98 patients—64 GC patients (41 males and 23 females,
aged from 28 to 82 years) and 34 healthy volunteers with a negative history of inflamma-
tory diseases and cancers (24 males and 10 females, aged from 27 to 76) as the control
group. GC patients were diagnosed and operated on at the Second Department of General
Surgery, Medical University of Bialystok (Poland). The microscopic examination of material
obtained during biopsy and/or surgery was used in the clinical diagnosis of GC.

The GC group was divided into 4 subgroups regarding the GC stage: stage I, stage II,
stage III and stage IV. The GC patients were staged according to the TNM Classification
of Malignant Tumors UICC (TNM—depth of tumor invasion, lymph nodes metastasis,
distant metastasis) by the International Union Against Cancer (Geneve, Switzerland UICC).
Moreover, features such as Lauren classification and grading were also evaluated. The
characteristics of GC patients are presented in Table 1.

Table 1. Characteristics of gastric cancer patients.

Gastric Cancer Patients 64
Female 23
Gender Male 41
Age Median 64

Range 28-82
I 8
I 10
Tumor stage III 28
v 16
Undefined 2
T1+ T2 10
Tumor size (T-stage) T3 19
T4 35
NO 16
N1 + 2 9
Lymph node metastases (N-stage) N3 38
Undefined 1
MO 46
Distant metastases (M-stage) M1 16
Undefined 2
1 34
Lauren type 2 24
Undefined 6
Control group 34
Female 10
Gender Male 24

Age Median 51.5

Range 27-76

The project was approved by the Local Ethics Committee (R-1-002/65/2017) of the
Medical University of Bialystok (Bialystok, Poland). All patients and healthy volunteers
were granted informed consent to participate in the study.

Blood samples were taken from GC patients before the treatment and frozen at —80 °C.
Serum levels of CXCL8 (Quantikine ELISA Human CXCL8/IL8 Immunoassay, R&D
Systems, Abingdon, UK) and CXCR2 (EIAab, Wuhan, China) were assessed with the
enzyme-linked immunosorbent assay (ELISA) according to the manufactures’ instructions.
Concentrations of classical cancer markers such as carcinoembryonic antigen (CEA) and
carbohydrate antigen 19-9 (CA19-9) were measured by the chemiluminescent microparticle
immunoassay (CMIA) on the ARCHITECT 8200 ci (Abbott, Chicago, IL, USA), while serum
C-reactive protein (CRP) concentrations using turbidimetric method also on ARCHITECT
8200 ci (Abbott, Chicago, IL, USA).
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In order to select the optimal predicted probability cut-off values, Youden’s index was
used. The reference cut-off values were as follows: 23.11 pg/mL for CXCLS; 1.15 ng/mL
for CXCR2; 4.65 ng/mL for CEA; 5.59 U/mL for CA19-9; and 5.50 mg/L for CRP.

3. Statistical Analysis

Distributions of serum concentrations of all analyzed proteins (CXCL8, CXCR2, CA19-
9, CEA and CRP) both in GC patients and control group were assessed using the Shapiro—
Wilk test, with conclusions that the normal distribution hypothesis has to be rejected; thus,
non-parametric statistical analyses were performed.

For two-groups analysis, the Mann—-Whitney test was used, while in the case of three
or more groups to compare, the Kruskal-Wallis test was exploited. Further analysis of
groups with statistically significant differences was conducted with the use of a post hoc
Dwass-Steele-Critchlow—Fligner test. Correlations between parameters were calculated uti-
lizing Spearman’s rank correlation test. The calculated differences were found statistically
significant if the p value was less than 0.05.

The assessment of diagnostic usefulness of the analyzed proteins was made based
on diagnostic sensitivity, specificity, accuracy and positive and negative predictive values.
The Receiver Operating Characteristic (ROC) curves analysis was also calculated.

Statistical analysis was mostly made in IBM SPSS Statistics 20.0 software, while addi-
tional results processing, like ROC curves analysis and calculating diagnostic parameters
of tests, were performed in Microsoft Office Excel.

Logistic regression was used to assess correlations between risk factors and GC.
Univariate logistic regression models were obtained for each risk factor and multivariate
analyses were employed for variables p < 0.05.

4. Results

Serum levels of CXCL8, CXCR2, CRP, CA19-9 and CEA were measured and compared
between the two analyzed groups—the GC patients group and the control group, as shown
in Table 2. Concentrations of CXCL8 were significantly higher in GC patients than in the
control group (28.486 vs. 6.561 pg/mL, p < 0.001). Moreover, serum CXCR2 levels were
also significantly elevated in GC patients when compared to healthy volunteers (1.449
vs. 0.638 ng/L; p < 0.001). The concentrations of classical biomarkers—CA19-9 (7.875 vs.
4.965 U/mL. p = 0.009) and CEA (1.67 vs. 1.46 ng/mL; p = 0.797) as well as CRP (16.4 vs.
1.05mg/L; p < 0.001) were higher in the cancer group than in healthy volunteers, but only
in the case of CEA was the difference not statistically significant (Table 2).

Table 2. Serum concentrations of proteins in patients with gastric cancer and the control group.

CXCR2 CXCLS8 CRP CA19-9 CEA
[ng/mL] [pg/mL] [mg/L] [U/mL] [ng/mL]
Minimum 0.000 0.000 0.400 0.000 0.000
Gastric cancer patients Median 1.449 28.486 16.400 7.875 1.670
Maximum 4.080 184.054 310.400 1200.000 256.160
Control group (healthy Minimum 0.000 0.000 0.200 2.000 0.500
individuals) Me'chan 0.638 6.561 1.050 4.965 1.460
Maximum 1.895 27.007 5.000 40.970 4.540
p (Mann-Whitney test) p <0.001 p <0.001 p <0.001 0.009 0.797

Table 3 represents the serum concentrations of biomarkers in relation to TNM stage
and clinicopathological characteristics of the tumor. The highest concentrations of CXCL8
were observed in stage I of GC (33.089 pg/mL), while CXCR2 (1.823 ng/mL) and CA19-
9 (14.815 U/mL) levels were the highest in stage III of the disease. In addition, CRP
(52.9 mg/L) and CEA (1.810 ng/mL) concentrations were the highest in stage IV of GC;
however, the statistically significant differences between tumor stages were found only for
CRP concentrations (p = 0.044). Moreover, serum levels of CXCL8, CXCR2 and classical
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tumor markers were higher in Lauren type 2 than in patients with Lauren type 1, while
CRP concentrations were the highest in patients with Lauren type 1. Interestingly, CXCL8
and CXCR2 concentrations were found to be the highest in patients with a greater depth of
tumor invasion (T4 stage) in comparison to T1 + 2 and T3 patients and likewise with the
levels of classical tumor markers (CEA and CA19-9) and CRP; however, these differences
were statistically significant only for CRP concentrations (p = 0.020) in the Kruskal-Wallis
test. Moreover, serum CA19-9 levels were significantly elevated in T4 subgroup in compar-
ison to T1 + 2 subjects (p = 0.031) (Table 3). If we consider the relationship between serum
levels of analyzed proteins and the presence of lymph node and distant metastases (N and
M factor), CXCL8 concentrations were the highest in patients with nodal involvement (N3
subgroup) when compared to NO and N1 + 2 patients. Similar results were also observed
for CRP, CEA and CA19-9 levels; however, a statistically significant difference was found
for CA19-9 levels (p = 0.034). Serum CXCR2 levels were the most elevated in N1 + 2
patients, but these differences were not statistically relevant. There were also no significant
differences between CXCL8, CXCR2 and classical tumor markers levels and the presence
of distant metastasis (M factor). Serum CRP levels were significantly elevated in patients
with distant metastases than in subjects from the M0 subgroup (p = 0.048) (Table 3).

Table 3. Median serum concentrations of assessed proteins in gastric cancer stages.

CXCL8 CXCR2 CRP CA19-9 CEA
GC Feature GC Stage [pg/mL] Ing/mL] [mg/L] [UfmL] [ng/mL]

I 33.089 1.260 4.550 5.790 1.740
TNM stage I 19.615 0.878 4.500 6.240 1.215
il 32.709 1.823 17.250 14.815 1.515
v 28.486 1.141 52.900 9.605 1.810
p (Kruskal-Wallis test) 0.494 0.335 0.044 * 0.087 0.676
T1+2 29.208 1.260 4.550 5.790 1.380
T-stage T3 23.775 0.940 3.000 5.960 1.240
T4 32.163 1.802 21.300 13.740 1.860
p (Kruskal-Wallis test) 0.124 0.312 0.020 * 0.027 * 0.455

p (post hoc 1+2vs. 3 0.809 0.444*

Dwass—Steele-Critchlow-Fligner test) 1 ; \ZISVS4 4 882 00023 61 4
NO 25.161 1.260 6.550 6.185 1.485
N-stage N1+2 23.422 1.802 17.600 11.950 0.940
N3 30.513 1.449 20.150 13.475 1.915
p (Kruskal-Wallis test) 0.754 0.894 0.182 0.034 * 0.076

Ovs.1+2 0.291

p(posthoc 0vs. 3 0.032 *

Dwass-Steele-Critchlow-Fligner test) 1+2vs 3 0.704
M-stage MO 28.620 1.590 10.500 7.495 1.485
M1 28.486 1.141 52.900 9.605 1.810
p (Mann-Whitney test) 0.368 0.450 0.048 * 0.403 0.338

* statistically significant when p < 0.05. Abbreviations: GC—gastric cancer, UICC—International Union Against Cancer, T-stage—depth of
tumor invasion, N-stage—presence of lymph node metastasis, M-stage—presence of distant metastasis.

4.1. Correlations between Serum Concentrations and Gastric Cancer Features

Spearman’s rank correlation test was performed to detect relations between serum
concentrations of all analyzed proteins and selected GC features (Table 4). The serum
CXCLS8 concentration was found to be significantly correlated with its specific receptor
CXCR2 concentration (r = 0.57, p < 0.001) as well as with CRP (r = 0.58, p < 0.001) and CA19-
9levels (r = 0.21, p = 0.042), whereas CXCR2 levels were associated with CRP concentrations
(r=0.54, p <0.01).
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Table 4. Correlations between gastric cancer features and concentrations of biomarkers for gastric cancer patients.
T N Staging  CXCR2  CXCL8 CRP CA19-9 CEA
r 1.00 0.55 0.69 0.13 0.18 0.35 0.33 0.15
T p <0.0001*  <0.0001* 0317 0.152 0.005 * 0.007 * 0.229
r 0.55 1.00 0.73 —0.06 0.05 0.21 0.32 0.21
N p <0.0001 * <0.0001*  0.641 0.698 0.091 0.011 * 0.103
Staging r 0.69 0.73 1.00 —0.01 0.13 0.35 0.27 0.14
p <0.0001*  <0.0001* 0.957 0.319 0.005 * 0.034 * 0.277
r 0.13 —0.06 —0.01 1.00 0.57 0.54 0.16 0.09
CXCR2 p 0.317 0.641 0.957 <0.0001*  <0.0001*  0.105 0.400
r 0.18 0.05 0.13 0.57 1.00 0.58 0.21 —0.01
CXCL8 p 0.152 0.698 0319  <0.0001* <0.0001*  0.042* 0.957
r 0.35 021 0.35 0.54 0.58 1.00 0.15 0.05
CRP p 0.005 * 0.091 0.005%  <0.0001*  <0.0001* 0.143 0.607
r 0.33 0.32 0.27 0.16 021 0.15 1.00 021
CAI19-9 p 0.007 * 0.011 * 0.034* 0.105 0.042 * 0.143 0.038 *
r 0.15 0.21 0.14 0.09 —0.01 0.05 0.21 1.00
CEA p 0.229 0.103 0.277 0.400 0.957 0.607 0.038 *

* statistically significant when p < 0.05. Abbreviations: r—correlation coefficient, p—p value, GC—gastric cancer. UICC—International
Union Against Cancer, T-stage—depth of tumor invasion, N-stage—presence of lymph node metastasis.

The relationship between chosen risk factors (serum CXCLS8 and its specific receptor

—CXCR2 as well as classical tumor markers and CRP) and GC risk was examined using
univariate analysis to assess the risk factors that subsequently were employed in the
multivariate model. Serum concentrations of CXCL8 (p < 0.001, OR = 1.125), CXCR2
(p < 0.001, OR = 3.923) and CRP (p = 0.005, OR = 1.457) were associated with a significantly
increased risk of GC occurrence. Thus, these variables were included in the multivariate
analysis. Ultimately, serum CXCLS8 (p = 0.002, OR = 1.137) and CRP (p = 0.041, OR = 1.279)
concentrations were indicated to be significant risk factors of GC occurrence (Table 5).

Table 5. Logistic regression test results in relationship between risk factors and gastric cancer (GC)

occurrence.
Univariate Logistic Regression Results
4 OR (Odd Ratio) 95% C.I. (Confidence Intervals)
CXCR2 0.000 3.923 1.981 7.766
CXCL8 0.000 1.125 1.067 1.186
CRP 0.005 1.457 1.118 1.900
CA19-9 0.121 1.027 0.993 1.061
CEA 0.262 1.118 0.920 1.357
Multivariate Logistic Regression Results
Full Logistic Model
4 OR (Odd Ratio) 95% C.I. (Confidence Intervals)
CXCR2 0.864 0.877 0.196 3.932
CXCL8 0.005 1.172 1.048 1.311
CRP 0.027 1.340 1.034 1.737
CA19-9 0.221 1.042 0.976 1.112
CEA 0.412 1.252 0.733 2.138
Logistic Model after Variable Elimination
4 OR (Odd Ratio) 95% C.I. (Confidence Intervals)
CXCL8 0.002 1.137 1.048 1.234
CRP 0.041 1.279 1.010 1.620
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4.2. Diagnostic Usefulness of CXCL8 and CXCR2 as Gastric Cancer Biomarkers

According to the aim of the study, the assessment of diagnostic usefulness of serum
CXCL8 and CXCR2 measurement in GC patients was performed basing on calculated
diagnostic sensitivity, specificity, accuracy (ACC), positive predictive value (PPV) and
negative predictive value (NPV) as well as the areas under ROC curves (AUC). The results
are presented in Table 6.

Table 6. Diagnostic criteria for biomarkers tested.

Diagnostic Diagnostic o o o

Sensitivity (%) Specificity (%) PPV (%) NPV (%)  ACC (%)
CXCLS8 67 94 96 60 77
CXCR2 63 85 89 55 70
CRP 67 100 100 62 79
CA19-9 70 59 76 51 66
CEA 20 100 100 40 48
CXCL8 + CXCR2 81 85 91 71 83
CXCLS8 + CRP 83 94 96 74 87
CXCL8 + CA19-9 89 53 78 72 77
CXCLS8 + CEA 72 94 96 64 80
CXCR2 + CRP 78 85 91 67 81
CXCR2 + CEA 69 85 90 59 74
CXCR2 + CA19-9 84 91 95 76 87

Abbreviations: PPV—positive predictive value, NPV—negative predictive value, ACC—diagnostic accuracy.

The diagnostic sensitivity of CXCL8 (67%) was higher than for its receptor, CXCR2
(63%) and CEA (20%), and comparable to CRP (67%) and CA19-9 (70%) levels. The
combined measurements of CXCL8 with classic tumor biomarkers increased the diagnostic
sensitivity up to 89%, when CXCL8 was analyzed together with CA19-9. The diagnostic
specificity of CXCL8 was higher (94%) in comparison to CA19-9 (59%), but lower than
for CEA and CRP levels (both 100%). Moreover, positive predictive value (PPV) levels
for CXCL8 (96%) and CXCR2 (89%) were higher than those of CA19-9 (76%) and lower
when compared to CEA and CRP (both 100%). The combined measurements of CXCL8
and other proteins did not increase PPV value. The assessment of CXCR2 with all other
proteins increased PPV values in comparison to individual PPV of CXCR2 (89%). Negative
predictive value (NPV) concentrations for CXCL8 (60%) and CXCR2 (55%) were also
higher than CA19-9 (51%) and CEA (40%). The highest NPV values were recorded for
the combined measurements of CXCR2 with CA19-9 (76%) and CXCL8 with CRP (74%)
levels. The diagnostic accuracy (ACC) of CXCLS8 (77%) was higher than CXCR2 (70%) and
classical tumor markers, CEA (48%) and CA19-9 (66%), but lower than for CRP (79%). The
ACC values of combined measurements of CXCL8 with CRP and CXCR2 with CA19-9
were found to be the highest (both 87%) (Table 6).

To evaluate the diagnostic significance of CXCL8 and its receptor as candidates for
GC biomarkers, the areas under ROC curves (AUC) were also calculated. ROC curves
for all biomarkers are visualized in Figure 1. The AUC for CXCLS (0.8552, p < 0.001) was
higher than the AUC for its receptor CXCR2 (AUC = 0.7773, p < 0.001) and classical tumor
markers (CEA—AUC = 0.5159 and CA19-9—AUC = 0.6606), and also higher than the AUC
for CRP levels (AUC = 0.8488, p < 0.001). Moreover, the combined analysis of CXCL8 and
CRP increased the AUC to 0.900 (p < 0.001) (Figure 1).
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Figure 1. The areas under ROC (Receiver Operating Characteristic) curves for biomarkers tested in
gastric cancer.

5. Discussion

GC is a serious medical problem. According to WHO statistics, GC accounted for 5.6%
of all new cancer cases in 2020. The five-year prevalence of this cancer is 23.70 per 100,000
individuals [1]. Thus, there is a need for the improvement of the diagnostic process and
non-invasive methods such as the measurement of new biomarkers concentrations because
GC is still diagnosed at a late stage. Many researchers found that selected chemokines such
as CXCLS8 and its specific receptor CXCR?2 are involved in cancer progression via the stimu-
lation of tumor invasion, angiogenesis and metastasis. Some clinical investigations suggest
that CXCLS8 plays a significant role in cancer development, including GC [10]. A growing
body of evidence indicated that the CXCR2 receptor interacts with several chemokines
including CXCL1, -2, -3, -5, -6, -7 as well as with CXCL8 [26]. Some clinical investiga-
tions suggest that CXCL8 and its receptor CXCR2 might be candidates for biomarkers for
GC. Therefore, the aim of this study was to assess the potential significance of CXCL8
and CXCR?2 in the diagnosis and prognosis of GC and their role in the pathogenesis of
this malignancy.

In our study, we revealed that the concentrations of CXCL8 and CXCR2 were sig-
nificantly higher in GC patients than in healthy controls, which may suggest that GC
cells are involved in the synthesis of these proteins. Similar findings were observed by
Baj-Krzyworzeka, who also indicated that CXCLS8 levels in GC patients were significantly
higher than in the control group [7], which was also confirmed by other authors [27,28].
Our previous investigations indicated the significant differences between serum levels
of CXCL8 and/or CXCR2 in cancer patients and healthy individuals; however, these
studies were performed on pancreatic [22,23], colorectal [24,25] as well as esophageal
cancer [20,21] patients.
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In the present investigation, there were no statistically significant differences between
TNM stages of GC in the CXCL8 and CXCR2 serum levels. Wang et al. indicated that
the elevated expression of CXCR2 was associated with tumor depth, nodal involvement
and advanced TNM stage [13], while Li et al. found that higher CXCR2 expression in GC
was associated with the presence of lymph node and distant metastases and advanced
clinical stage [14]. Opposite results were presented by Chen et al., who demonstrated that
a reduced expression of CXCR2 was correlated with larger tumor size and advanced TNM
stage [8]. Moreover, Baj-Krzyworzeka et al. noticed that the plasma concentration of CXCL8
in GC patients also increased with the more advanced stage of the disease [7]. Moreover,
in our previous studies, there were significant differences between CXCL8 concentrations
and nodal involvement in patients with pancreatic cancer [22], while the serum level of
this chemokine was statistically higher in subjects with distant metastases than without
them in CRC patients [24]. The lack of statistical differences in serum CXCL8 and CXCR2
levels between the TNM stage and clinicopathological characteristics of the tumor might
be a result of different types of samples and methods employed in presented investigations
as well as an insufficient number of patients in specific subgroups included in our research.

Currently, using Spearman’s rank correlation test results, we indicated that serum
CXCLS8 concentrations significantly correlated with its specific receptor CXCR2 and CRP
and CA19-9 levels, whereas CXCR2 levels were associated with CRP concentrations.
Present observations were in line with our previous studies concerning the measure-
ment of these proteins in the sera of patients with gastrointestinal cancer. Preoperative
serum CRC concentrations of CXCL8 were correlated with CEA and CRP levels as well as
with the presence of distant metastases [24]. In addition, there was a significant correlation
between serum CXCLS8 concentration and CRP levels as well as with nodal involvement
in pancreatic cancer patients [22]. Moreover, the serum CXCLS level was indicated to
be a significant risk factor of GC occurrence. Our previous study also revealed that this
chemokine was the only significant predictor of pancreatic cancer risk [22].

In our study, we compare the diagnostic criteria for the measurement of the serum
CXCLS8 and its receptor levels with classical biochemical markers and markers of inflamma-
tion. The diagnostic sensitivity of CXCL8 was higher than for its receptor CXCR2 and CEA
and comparable to CRP and CA19-9 levels. The highest diagnostic sensitivity and PPV
were assessed for a combined analysis of CXCL8 with CA19-9. In addition, the diagnostic
specificity of CXCL8 was higher when compared to CXCR2 and CA19-9 but lower than
CEA and CRP. NPV values for CXCL8 and CXCR2 were higher in comparison to those
of classical tumor markers. Moreover, AUC for CXCL8 was higher than for CXCR2 and
classical tumor markers. Based on the literature database, there is no study comparing
the diagnostic criteria for serum CXCL8 and CXCR2 levels with well-established tumor
markers and CRP as GC biomarkers. In our previous findings, the percentages of elevated
results for CXCL8 and CXCR2 were higher than for the classical tumor marker and the
combined analysis of both proteins also increased the diagnostic sensitivity, which may
suggest that it would be more useful to measure these proteins together than with a single
marker in the diagnosis of colorectal cancer patients [24,25]. Similar to our present observa-
tions, the highest sensitivity was seen in the combined analysis of a protein tested with
a classical tumor biomarker [20-25]. Our investigations revealed that the assessment of
a single biomarker is not accurate enough to be used as a diagnostics tool because of its
non-specific nature.

6. Conclusions

The findings presented in this paper suggest that based on diagnostic characteristics of
all proteins tested, serum CXCL8 might be used as a potential biomarker in the diagnosis of
GC patients, especially in a combined assessment with classical tumor markers. Our results
indicate the role of the CXCL8/CXCR2 axis as well as the inflammation in the pathogenesis
of this malignancy. Moreover, serum CXCL8 was a significant predictor of GC risk.
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10. Streszczenie

Chemokiny to substancje biatkowe, ktore wplywajg na migracj¢ leukocytow poprzez
receptory zwigzane z bialkami G. Cytokiny te sa zaangazowane zarOwno w procesy
fizjologiczne, jak 1 patologiczne. Sugeruje si¢ role ww. bialek w patogenezie wielu
nowotworow, w tym raka zotadka.

Rak zotadka jest pigtym co do czestosci wystepowania nowotworem zlo§liwym oraz
trzecig co do czestosci przyczyng zgondow z powodu nowotworéw ztosliwych na swiecie.
Po6zna diagnostyka chorych na raka zotadka oraz krotki czas przezycia pacjentdw sg
przyczynami poszukiwania nowych biomarkerow, ktore umozliwilyby wczesniejsze
wykrycie raka oraz wlaczenie odpowiedniego leczenia. Sugeruje si¢ znaczenie chemokiny
CXCLS i jej specyficznego receptora CXCR2 w rozwoju raka zotagdka. W tkankach raka
zotadka wykazano wzmozong ekspresjg¢ CXCR2, ktora korelowata z obecnos$cia przerzutow
odlegtych. Natomiast dotychczas nie porownano znaczenia CXCLS 1 jej receptora CXCR2
w diagnostyce chorych na raka zotadka ze stezeniami klasycznych markerow
nowotworowych, tj. CEA i CA 19-9, a takze markerem stanu zapalnego — CRP.

W zwigzku z tym celem tej pracy bylo:

1. Oznaczenie stezen chemokiny CXCLS8 i jej receptora CXCR2 w surowicy
chorych na raka Zotadka oraz oso6b zdrowych z grupy kontrolnej, a nastepnie
porownanie st¢zen ww. biatek pomiedzy tymi grupami.

2. Okreslenie zaleznosci stezen CXCL8 i jej receptora CXCR2 od stadium
zaawansowania nowotworu oraz cech kliniczno-patologicznych raka zotadka.

3. Porownanie stezen CXCL8 i CXCR2 ze stezeniami klasycznych markerow
nowotworowych raka zotagdka — CA 19-9 i CEA, a takze stezeniami markera
stanu zapalnego— CRP.

4. Przeprowadzenie analizy regresji logistycznej w celu ustalenia zalezno$ci
migdzy stezeniami markeréw CXCLS, CXCR2, CA 19-9, CEA, CRP a
prawdopodobienstwem wystgpienia raka zotagdka.

5. Okreslenie wskaznikow diagnostycznych CXCL8 1 CXCR2, tj. czulosci 1
swoistosci diagnostycznej, wartosci predykcyjnej wyniku dodatniego 1 wyniku
ujemnego, mocy diagnostycznej w oparciu o pole powierzchni pod krzywa
ROC.

Grupe badang stanowili chorzy na raka Zotadka, a grupa kontrolna skladata si¢ ze
zdrowych ochotnikéw. Materiatem do badan byla surowica krwi zylnej pobrana przed
leczeniem. Stezenia CXCL8 i CXCR2 oznaczono metoda immunoenzymatyczng ELISA,
stezenie CEA 1 CA 19-9 metoda chemiluminescencyjng, za§ CRP metodg turbidymetryczna.
Roznice stgzen oznaczanych biatek poddano analizie statystycznej.

Wykazano, ze stezenia CXCL8 1 CXCR2 byly znamiennie wyzsze u pacjentow z
rakiem zotadka niz w grupie kontrolnej osob zdrowych, podobnie jak CA 19-9 i CRP.
Stezenia CXCLS8 znamiennie korelowaly ze stezeniami receptora CXCR2, CA 19-9i CRP,
za$ stezenia CXCR2 ze stezeniami CRP. Czuto$¢ diagnostyczna oznaczen stezen CXCL8
byta wigksza niz CXCR2 i CEA oraz poréwnywalna do CRP i CA 19-9, przy czym taczna
analiza CXCL8 i CXCR2 z klasycznym markerem nowotworowym CA 19-9 zwigkszata
czulo$¢ diagnostyczng. Stezenia CXCL8 charakteryzowaly sie najwigksza moca
diagnostyczng w rozpoznawaniu raka zotadka oceniong na podstawie pola powierzchni pod
krzywg ROC wsérod wszystkich analizowanych biatek. Podwyzszone stezenie CXCLS8 jest
istotnym, niezaleznym czynnikiem wystapienia raka zotadka.

Przeprowadzone badania sugerujg udzial chemokiny CXCL8 1 jej specyficznego
receptora w rozwoju raka zotadka, a takze przydatno$¢ oznaczania stezen tej chemokiny w
diagnostyce raka zotadka. Wyzsza moc diagnostyczna oznaczen stezen CXCL8 w
poréwnaniu do klasycznych markerow nowotworowych wskazuje na znaczenie tej
chemokiny jako kandydata na marker nowotworowy raka zotadka, szczeg6lnie przy tacznej
analizie z CA 19-9.
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11. Summary

Chemokines are low molecular chemotactic proteins, binding to G protein-coupled
receptors. These cytokines play a significant role not only in numerous physiological
processes, but also in many pathological conditions. It has been suggested that chemokines
and their receptors are involved in the pathogenesis of several malignancies, including
gastric cancer (GC).

Gastric cancer is the fifth most common cancer and the third most common cause of
death among malignant tumors in the world. Because of a late diagnosis of GC patients and
their short survival after the diagnosis, the earlier detection of GC and initiation of
appropriate treatment are important. The significance of CXCL8 and its specific receptor
CXCR2 in the development of GC has been suggested. Increased expression of CXCR2 in
GC tissues correlated with the presence of distant metastases. The significance of CXCL8
and its receptor CXCR2 in GC has not yet been compared with the classical tumor markers
i.e., CEA and CA 19-9 and a marker of inflammation — CRP.

The aims of this study were:

1. The assessment of CXCL8 and CXCR2 concentrations in the blood of GC
patients and then the comparison of these concentrations with the control group.

2. The analysis of association between serum CXCL8 and CXCR2 concentrations
and tumor stage as well as clinico-pathological features of GC.

3. The comparison of serum CXCL8 and CXCR2 levels with CEA and CA 19-9
and with CRP concentrations in GC patients.

4. The assessment of a logistic regression analysis to determine the relationship
between the concentrations of CXCL8, CXCR2, CA 19-9, CEA, CRP markers
and the probability of GC development.

5. The evaluation of diagnostic criteria, such as diagnostic sensitivity and
specificity, positive and negative predictive values, as well as the area under the
ROC curve for CXCL8 and CXCR2.

The material for the study was venous blood serum collected before treatment.
CXCL8 and CXCR2 concentrations were determined by ELISA immunoenzymatic method,
CEA and CA 19-9 concentrations by chemiluminescence method, and CRP by turbidimetric
method. Differences in concentrations of the determined proteins were subjected to
statistical analysis.

Serum CXCL8 and CXCR2 levels were significantly higher in GC patients than in
the healthy controls, similarly to CA 19-9 and CRP. CXCL8 concentrations correlated
significantly with CXCR2, CA 19-9 and CRP concentrations, while concentrations of
CXCR2 correlated with CRP concentrations. The diagnostic sensitivity of CXCL8 was
higher for CXCLS8 than for CXCR2 and CEA and comparable to CRP and CA 19-9. The
combined measurements of CXCL8 with the classic tumor marker CA 19-9 and CXCR2
with CA 19-9 increased the diagnostic sensitivity.

CXCLS8 concentrations were found to have the highest diagnostic significance in the
diagnosis of GC basing on the ROC area analysis among all analyzed proteins. Elevated
CXCLS8 concentration seems to be a significant, independent factor of GC.

Our studies suggest the involvement of CXCL8 chemokine and its specific receptor
in the development of GC, as well as in GC progression. In comparison with classical tumor
markers, higher diagnostic significance of CXCL8 concentrations reveals this chemokine as
a solid candidate for a GC marker, especially combined with CA 19-9.
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receptor (CXCR2) in gastric cancer” autor6w Pawluczuk Elzbieta, Lukaszewicz-Zajac
Marta, Gryko Mariusz, Kulczynska-Przybik Agnieszka, Mroczko Barbara, opublikowanej w
Cancers, wchodzgcej w sktad rozprawy doktorskiej ,,Znaczenie wybranych chemokin i ich
specyficznych receptoréw w raku zotgdka”, wynoszacy 25% polegat na ustaleniu koncepcji

badania, analizie i dyskusji wynikow, ocenie merytorycznej pracy.
Jednoczesnie wyrazam zgode na wykorzystanie przez Elzbiet¢ Pawluczuk publikacji w

postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w

dyscyplinie nauki medyczne.
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,»The role of chemokines in the development of gastric cancer - diagnostic and
therapeutic implications” autoréw: Elzbieta Pawluczuk, Marta Lukaszewicz-Zajac,
Barbara Mroczko, opublikowanej w International Journal of Molecular Sciences, 2020;

21(22): 8456
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wspotautora
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Oswiadczam, ze wszyscy wspolautorzy wyrazili zgod¢ na wykorzystanie powyzszej
publikacji w pracy doktorskiej lek. Elzbiety Pawluczuk.
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Dr hab. Marta Lukaszewicz-Zajac Biatystok, dn. 27.04.2023
imig i nazwisko wspotautora
miejscowosé, data
Zaktad Diagnostyki Biochemicznej

nazwa jednostki

Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1
15-089 Biatystok

Oswiadczenie

Oswiadczam, iz mdj udzial w przygotowaniu publikacji: ,,The role of chemokines in the
development of gastric cancer — diagnostic and therapeutic implications” autorow:
Pawluczuk Elzbieta, Lukaszewicz-Zajac Marta, Mroczko Barbara, opublikowanej w
International Journal of Molecular Sciences, wchodzacej w sktad rozprawy doktorskiej
“Znaczenie wybranych chemokin i ich specyficznych receptoréw w raku zotadka”, wynoszacy

15% polegat na analizie i dyskusji danych literaturowych.

Jednocze$nie wyrazam zgode na wykorzystanie przez Elzbiet¢ Pawluczuk publikacji w
postepowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w

dyscyplinie nauki medyczne.

ADIUNKT

caktad Di ogtyk_i.r‘Biochemi('znej
Dr hab. n. ihii\Mﬂ?YJKaszewicz—Zajac
NS

62



Prof. dr hab. Barbara Mroczko Biatystok, dn. 27.04.2023
imig i nazwisko wspétautora
miejscowos¢, data
Zaktad Diagnostyki Choréb Neurozwyrodnieniowych;
Zaktad Diagnostyki Biochemicznej

nazwa jednostki

Uniwersytet Medyczny w Biatymstoku
ul. J. Kilinskiego 1
15-089 Biatystok

Oswiadczenie

Os$wiadczam, iz moj udzial w przygotowaniu publikacji: ,,The role of chemokines in the
development of gastric cancer — diagnostic and therapeutic implications” autorow:
Pawluczuk Elzbieta, PLukaszewicz-Zajac Marta, Mroczko Barbara, opublikowanej w
International Journal of Molecular Sciences, wchodzacej w sklad rozprawy doktorskiej
“Znaczenie wybranych chemokin i ich specyficznych receptoréw w raku zotadka”, wynoszacy

30% polegatl na ustaleniu koncepcji pracy, ocenie merytorycznej pracy.
Jednocze$nie wyrazam zgode na wykorzystanie przez Elzbiet¢ Pawluczuk publikacji w

postgpowaniu o nadanie stopnia doktora w dziedzinie nauk medycznych i nauk o zdrowiu w

dyscyplinie nauki medyczne.
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14. Zgoda Komisji Bioetycznej

KOMISJA BIOETYCZNA
UNIWERSYTETU MEDYCZNEGO w BIALYMSTOKU
ul. Jana Kilinskiego 1
15-089 Bialystok
tel. (085) 748 54 07, fax. (085) 748 55 08

prorektorkl@umb.edu.pl

Biatystok, 23-02-2017
Uchwata nr: R-1-002/65/2017

Komisja Bioetyczna Uniwersytetu Medycznego w Biatymstoku, po
zapoznaniu si¢ z projektem badania zgodnie z zasadami GCP/ Guidelines for
Good Clinical Practice /- wyraza z g ode¢ naprowadzenie tematu
badawczego: ,Znaczenie i przydatno$¢ diagnostyczna wybranych biatek
specyficznych (tj. m.in. CXCL8, CXCR2, CXCL12, CXCR4, YKL-40) u
pacjentéw z nowotworami przewodu pokarmowego” przez prof. dr hab.
Barbare Mroczko wraz z zespotem badawczym z UMB.

PrzewomK misji Bioetycznej UMB
prof. dr'hab. ElZ 1m-Poznaﬁska
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KOMISJA BIOETYCZNA PRZY
UNIWERSYTECIE MEDYCZNYM W BIALYMSTOKU
ul. Jana Kilinskiego 1
15-089 Biatystok
tel. 85 748 54 07, fax 85 748 55 08
komisjabioetyczna@umb.edu.pl

Biatystok, 17.12.2020 r.

Dot. zgody KB: R-I-002/65/2017

Sz. P.
prof. dr hab. Barbara Mroczko

Komisja Bioetyczna przy UMB na posiedzeniu w dniu 17.12.2020 r. zapoznala sie
z wnioskami zlozonymi do tematu badawczego pt.: , Znaczenie i przydatnosé
diagnostyczna wybranych bialek specyficznych (tj. m.in. CXCL8, CXCR2, CXCL12,
CXCR4, YKL-40) u pacjentéw z nowotworami przewodu pokarmowego” i wyraza
zgode na dofgczenie do zespotu badawczego:

- lek. Elzbiety Pawluczuk (doktorantki Szkoty Doktorskiej),

- Pauliny Raciborskiej, Aleksandry Weroniki Motdawskiej, Katarzyny Litwiak
(studentek V roku Analityki Medycznej),

- Kingi Bialousow (studentki IV roku Analityki Medycznej).

Z powazaniem

Przewodniczaca

prof. dr hab. j i€lecka

Za zgodnosc z oryginatem

betn L7 0.4 205
k?( w &

Dziat ds. Klinicznych i Szkolenia Zawodowego
ul. Jana Kilifskiego 1, 15-089 Biatystok
e-mail: prorektorkl@umb.edu.pl
tel. 85 748 54 06, fax 85 748 55 08
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